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INTKODUCTION. 

The subject of the present volume, namely the dif- 
ferently formed flowers normally produced by certain 
kinds of plants, either on the same stock or on distinct 
stocks, ought to have been treated by a professed bota- 
nist, to which distinction I can lay no claim. As far as 
the sexual relations of flowers are concerned, Linnaeus 
long ago divided them into hermaphrodite, monoecious, 
dioecious, and polygamous species. This fundamental 
distinction, with Hie aid of several subdivisions in each 
of the four classes, will, serve my purpose; but the 
classification is artificial, and the groups often pass 
into one another. 

The hermaphrodite class contains two interesting 
sub-groups, namely, heterostyled and cleistogamio 
plants; but there are several other less important 
subdivisions, presently to be given, in which flowers 
differing in various ways from one another are pro- 
duced by the same species. 

Some plants were described by me several years ago, 
in a series of papers read before the Linnean Society,* 

♦ " On the Two Forms or Di- of Primula, and on their remark- 
morphic Condition in the Species able Sexual Relations." ' Journal 
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pistil continues growing for a long time, so that if old 
and young flowers are compared they might be thought 
to be heterostyled. Again, a species tending to become 
dioecious, with the stamens reduced in some indiyiduals 
and with the pistils in others, often presents a decep- 
tive appearance. Unless it be proved that one form 
is fully fertile only when it is fertilised with pollen 
from another form, we have not complete evidence 
that the species is heterostyled. But when the pistils 
and stamens differ in length in two or three sets of 
individuals, and this is accompanied by a diflerence in 
the size of the pollen-grains or in the state of the 
stigma, we may infer with much safety that the species 
is heterostyled. I have, however, occasionally trusted 
to a difference between the two forms in the length 
of the pistil alone, or in the length of the stigma 
together with its more or less papillose condition ; and 
in one instance differences of this kind have been 
proved by trials made on the fertility of the two forms, 
to be sufficient evidence. 

The second sub-group above referred to consists of 
hermaphrodite plants, which bear two kinds of flowers 
— the one perfect and fully expanded — the other mi- 
nute, completely closed, with the petals rudimentary, 
often with some of the anthers aborted, and the re- 
maining ones together with the stigmas much reduced 
in size ; yet these flowers are perfectly fertile. They 
have been called by Dr. Kuhn* cleistogamic, and they 



* • Botanische Zeitung,' 1867, 
p. 65. Several plants are known 
occasionally to produce flowers 
destitute of a corolla; but they 
belong to a different class of 
cases from cleistogamio flowers. 
This deficiency seems to result 
from the conditions to which the 
plants have been subjected, and 



partakes of the nature of a mon- 
strosity. All the flowers on the 
bame plant are commonly affected 
in the same manner. Such oases, 
though they have sometimes beeu 
rauked as cleistogamic, do not 
come within our present scope : 
see Dr. MaxweU Masters, * Yege< 
table Teratology/ 1869, p. 40a 
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sion to refer to plants of this kind in the following 
chapters, I will here give a few details respecting them. 
It is familiar to every one that the ray-florets of the 
Compositse often differ remarkably from the others ; and 
so it is with the outer flowers of many Umbellifera-, 
some CrucifersB and a few other families. Several 
species of Hydrangea and Viburnum offer striking 
instances of the same fact. The Bubiaceous genus 
Musssenda presents a very curious appearance from 
some of the flowers having the tip of one of the sepals 
developed into a large petal-like expansion, coloured 
either white or purple. The outer flowers in several 
Acanthaceous genera are large and conspicuous but 
sterile ; the next in order are smaller, open, moderately 
fertile and capable of cross-fertilisation; whilst the 
central ones are cleistogamic, being still smaller, closed 
and highly fertile ; so that here the inflorescence con- 
sists of three kinds of flowers.* From what we know 
in other cases of the use of the corolla, coloured bracteaB, 
&c., and from what H. Muller has observed f on the 
frequency of the visits of insects to the flower-heads of 
the UmbelliferaB and CompositaB being largely deter- 
mined by their conspicuousness, there can be no doubt 
that the increased size of the corolla of the outer 
flowers, the inner ones being in all the above cases 
small, serves to attract insects. The result is that 
cross-fertilisation is thus favoured. Most flowers wither 
soon after being fertilised, but Hildebrand states J that 
the rayrflorets of the Compositae last for a long time, 
until all those on the disc are impregnated ; and this 
clearly shows the use of the former. The ray-florets. 



♦ J. Scott, * Journal of Botany/ men,' pp. 108, 412. 
London, new aeries, vol. i. 1872, % See his interesting memoir, 

pp. 161-164. *UeberdieGeschlechtsvcrlialtniB8fl 

t * Die Bcfruchtung der BIu- bei den Compositen,' 1869, p. 92. 
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to insects^ it is a natural inference that their corollas 
have been increased in size for this special purpose ; 
and that their derelopment has subsequently led, 
through the principle of compensation or balance- 
menty to the more or less complete reduction of the 
reproductive organs. But an opposite view may be 
maintained, namely, that the reproductive organs 
first began to fail, as often happens under cultiva- 
tion,* and, as a consequence, the corolla became, 
through compensation, more highly developed. This 
view, however, is not probable, for when hermaphrodite 
plants become dioecious or gyno-dioecious — ^that is, 
are converted into hermaphrodites and females — ^the 
corolla of the female seems to be almost invariably 
reduced in size in consequence of the abortion of the 
male organs. The difference in the result in these two 
classes of cases, may perhaps be accoimted for by the 
matter saved through the abortion of the male organs in 
the females of gyno-dioecious and dioecious plants being 
directed (as we shall see in a future chapter) to the for- 
mation of an increased supply of seeds ; whilst in the 
case of the exterior florets and flowers of the plants 
which we are here considering, such matter is expended 
in the development of a conspicuous corolla. Whether 
in the present class of cases the corolla was first af- 
fected, as seems to me the more probable view, or the 
reproductive organs first failed, their states of develop- 
ment are now firmly correlated. We see this well illus- 
trated in Hydrangea and Viburnum ; for when these 
plants are cultivated, the corollas of both the interior 
and exterior flowers become largely developed, and 
their reproductive organs are aborted. 



* I have discn&sed this subject zvlii. 2nd edit. vol. ii. pp. 152% 
in my * Variation of Animals and 156. 
Plants under Dcmestication/ chap. 
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central one, was female and yielded seeds, as in the 
umbelliferous genus Echinophora. There is nothing 
surprising in the central flower tending to retain its 
former condition longer than the othei*s ; for when ir- 
regular flowers become regular or peloric, they are apt 
to be central ; and such peloric flowers apparently owe 
their origin either to arrested development — that is, to 
the preservation of an early stage of development — or 
to reversion. Central and perfectly developed flowers 
in not a few plants in their normal condition (for in- 
stance, the common Eue and Adoxa) diflter sKghtly in 
structure, as in the number of the parts, from the other 
flowers on the same plant. All such cases seem con- 
nected with the fact of the bud which stands at the 
end of the shoot being better nourished than the 
others, as it receiver the most sap,* 

The cases hitherto mentioned relate to hermaphro- 
dite species which bear diflterently constructed flowers ; 
but there are some plants that produce differently 
formed seeds, of which Dr. Kuhn has given a Ust.t 
With the UmbellifersB and Compositae, the flowers that 
produce these seeds likewise differ, and the differences 
in the structure of the seeds are of a very important 
nature. The causes which have led to differences in 
the seeds on the same plant are not known ; and it is 
very doubtful whether they subserve any special end. 

We now come to our second Class, that of monoecious 
species, or those which have their sexes separated but 
borne on the same plant. The flowers necessarily 
differ, but when those of one sex include rudiments 



♦ Thiswhole subject, including Domestication,' chap. xxvi. 2nd 

pelorism, has been discussed, and edit. vol. IL p. 338. 
references g^ven, in my • Variation t * Bot. Zeitmig,* 1867, p. 67. 

of Animals and Plants under 
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remarks made under the last class with respect to the 
amount of diflterence between the male and female 
flowers are here applicable. It is at present an in- 
explicable fact that with some dioecious plants, of 
which the EestiacesB of Australia and the Cape of 
Good Hope offer the most striking instance, the dif- 
ferentiation of the sexes has affected the whole plant 
to such an extent (as I hear from Mr. Thiselton Dyer) 
that Mr. Bentham and Professor Oliver hare often 
found it impossible to match the male and femsde spe- 
cimens of the same species. In my seventh chapter 
some observations will be given on the gradual con- 
version of heterostyled and of ordinary hermaphrodite 
plants into dioecious or sub-dioecious species. 

The fourth and last Class consists of the plants which 
were called polygamous by Linnaeus ; but it appears to 
me that it would be convenient to confine this term to 
the species which co-exist as hermaphrodites, mjdes and 
females ; and to give new names to several other com- 
binations of the sexes — a plan which I shall here 
follow. Polygamous plants, in this confined sense of 
the term, may be divided into two sub-groups, accord- 
ing as the three sexual forms are foimd on the same 
individual or on distinct individuals. Of this latter or 
trioicous sub-group, the common Ash {Fraxinus ex- 
edsior) offers a good instance : thus, I examined during 
the spring and autumn fifteen trees growing in the 
same field ; and of these, eight produced male flowers 
alone, and in the autumn not a single seed ; four pro- 
duced only female flowers, which set an abundance of 
seeds; three were hermaphrodites, which had a dif- 
ferent aspect from the other trees whilst in flower, and 
two of them produced nearly as many seeds as the 
female trees, whilst the third produced none, so that it 
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as andro-dioecious. But, after making inquiries from 
seyeral botanists, I can hear of no such cases. Lecoq, 
however, states,* but without entering into full details, 
that some plants of CaJtlia paJustris produce only male 
flowers, and that these live mingled with the her- 
maphrodites. The rarity of such cases as this last one 
is remarkable, as the presence of hermaphrodite and 
male flowers on the same individual is not an un* 
usual occurrence; it would appear as if nature did 
not think it worth while to devote a distinct indi- 
vidual to the production of pollen, excepting when 
this was indispensably necessary, as in the case of 
dioecious species. 

I have now finished my brief sketch of the several 
cases, as far as known to me, in which flowers differing 
in structure or in function are produced by the same 
species of plant. Full details will be given in the fol- 
lowing chapters with respect to many of these plants. 
I will begin with the heterostyled, then pass on to 
certain dioecious, sub-dioecious, and polygamous species, 
and end with the cleistogamic. For the convenience of 
the reader, and to save space, the less important cases 
and details have been printed in smaller type. 

I cannot close this Introduction without expressing 
my warm thanks to Dr. Hooker for supplying me with 
specimens and for other aid; and to Mr. Thiselton 
Dyer and Professor Oliver for giving me much in- 
formation and other assistance. Professor Asa Gray, 
also, has uniformly aided me in many ways. To Fritz 
Mtiller of St. Catiiarina, in Brazil, I am indebted for 
many dried flowers of heterostyled plants, often accom^' 
j»anied with valuable notes. 



' Gebgraphie Botanique/ torn. iv. p. 488. 
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stands in the month of the corolla or projects just 
above it, and is thus externally visible. It stands 
high above the anthers, which are situated halfway 
down the tube and cannot be easily seen. In the 
short-styled form the anthers are attached near the 
mouth of the tube, and therefore stand above the 
stigma, which is seated in about the middle of the 
tubular corolla. The corolla itself is of a different 

Fig.L 




Long-styled fbrxn. EQioit-it jled form. 

Pbimula veris. 



shape in the two forms; the throat or expanded 
portion above the attachment of the anthers being 
much longer in the long-styled than in the short- 
styled form. Village children notice this difference, 
as they can best make necklaces by threading and 
slipping the corollas of the long-styled flowers into 
one another. But there are much more important 
differences. The stigma in the long-styled form 

2 
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is globular; in the short-styled it is depressed on 
the summit, so that the longitudinal axis of the 
former is sometimes nearly double that of the latter. 
Although somewhat variable in shape, one difference 
is persistent, namely, in roughness: in some speci- 
mens carefully compared, the papillae which render 
'' the stigma rough were in the long-styled form from 
twice to thrice as long as in the short-styled. The 
anthers do not diflPer in size in the two forms, which 
I mention because this is the case with some hetero- 
styled plants. The most remarkable diflTerence is in 
the pollen-grains. I measured with the micrometer 
many specimens, both dry and wet, taken from plants 
growing in different situations, and always found a 
palpable difference. The grains distended with water 
from the short-styled flowers were about '038 mm. 
(V^V ^^ ^^ inch) in diameter, whilst those from the 
long-styled were about • 0254 mm. { ^Jqq of an inch), 
which is in the ratio of 100 to 67. The pollen-grains 
therefore from the longer stamens of the short-styled 
form are plainly larger than those from the shorter 
stamens of the long-styled. When examined dry, 
the smaller grains are seen under a low power to 
be more transparent than the larger grains, and 
apparently in a greater degree than can be ac- 
counted for by their less diameter. There is also a 
difference in shape, the grains from the short-styled 
plants being, nearly spherical, those from the long- 
styled being oblong with the angles rounded; this 
difference disappears when the grains are distended 
with water. The long-styled plants generally tend 
to flower a little before the short-styled : for instance, 
1 had twelve plants of each form growing in separate 
pots and treated in every respect alike; and at the 
time when only a single short-styled plant was in 
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flower, seven of the long-styled had expanded their 
flowers. 

We shall, also, presently see that the short-styled 
plants produce more seed than the long-styled. It is 
remarkable, according to Prof. Oliver,* that the ovules 
in the nnexpanded and unimpregnated flowers of the 
latter are considerably larger than those of the short- 
styled flowers ; and this I suppose is connected with the 
long-styled flowers producing fewer seeds, so that the 
ovules have more space and nourishment for rapid 
development. 

To sum up the differences :— The long-styled plants 
have a much longer pistil, with a globular and much 
rougher stigma, standing high above the anthers. The 
stamens are short ; the grains of pollen smaller and 
oblong in shape. The upper half of the tube of the 
corolla is more expanded. The number of seeds pro- 
duced is smaller and the ovules larger. The plants 
tend to flower first. 

The short-styled plants have a short pistil, half the 
length of the tube of the corolla, with a smooth de- 
pressed stigma standing beneath the anthers. The 
stamens are long ; the grains of pollen are spherical 
and larger. The tube of the corolla is of uniform 
diameter except close to the upper end. The number 
of seeds produced is larger. 

I have examined a large number of flowers; and 
though the shape of the stigma and the length of the 
pistil both vary, especially in the short-styled form, I 
have never met with any transitional states between 
the two forms in plants growing in a state of nature. 
There is never the sKghtest doubt under which form a 
plant ought to be classed. The two kinds of flowers are 



•Nat Hiat. Review,* July 1862, p. 237. 
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len-grains, were more masculine in nature. Accord- 
ingly, in 1860, 1 marked a few cowslips of both forms 
growLQg in my garden, and others growing in an 
open field, and others in a shady wood, and gathered 
and weighed the seed. In all the lots the short- 
styled plants yielded, contrary to my expectation, most 
seed. Taking the lots together, the following is the 

result : — 

Table 1. 





Number 

of 
Plants. 


Number 
of Umbels 
produced. 


Number 

of Capsules 

produced. 


Weight 

nf KppH in 




grains. 


Short-styled cowslips . . 
Long-styled cowslips . . 


9 

13 


33 
51 


199 
261 


83 
91 



If we compare the weight from an equal number of 
plants, and from an equal number of umbels, and from 
an equal number of capsules of the two forms, we get 
the following results : — 



Table 2. 



Number 

of 
Plants. 



Short-styled cowslips 
Long-styled cowslips 



10 
10 



Weight 
of Seed 

in 
grains. 



92 
70 



Number 

of 
Umbels. 



Weight 

of 
Seed. 



100 
100 



251 
178 



Number 
of Cap- 
soles. 



100 
100 



WeiBht 
of Seed 

in 
grains. 



41 
34 



So that, by all these standards of comparison, the 
short-styled form is the more fertile ; if we take the 
number of umbels (which is the fairest standard, for 
large and small plants are thus equalised), the short- 
styled plants produce more seed than the long-styled, 
in the proportion of nearly four to three. 

In 1861 the trial was made in a fuller and fairer 
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manner. A number of wild plants had been trans- 
planted during the previous autumn into a large bed 
in my garden, and all were treated alike ; the result 

was — 

Table 3. 



■ 


Number 

of 
Plants. 


Number 

of 
Umbels. 


Weight 

of Seed in 

grains. 




Short-styled cowslips , 
Long-styled cowslips , 


47 
58 


173 

208 


745 
692 



These figures give us the following proportions : — 

Table 4. 





Number 

of 
Plants. 


Weight 

of Seed in 

grains. 


Number 

of 
Umbels. 


Weight 

of Seed in 

grains. 




Short-styled cowslips , 
Long-styled cowslips • 


100 

100 


1585 
1093 


100 
100 


430 
332 



The season was much more favourable this year than 
the last ; the plants also now grew in good soil, instead 
of in a shady wood or struggling with other plants in 
the open field; consequently the actual produce of 
seed was considerably larger. Nevertheless we have 
the same relative result; for the short-styled plants 
produced more seed than the long-styled in nearly the 
proportion of three to two ; but if we take the fairest 
standard of comparison, namely, the product of seeds 
from an equal number of umbels, the excess is, as in 
the former case, nearly as four to three. 

Looking to these trials made during two successive 
years on a large number of plants, we may safely con- 
clude that the short-styled form is more productive 
than the long-styled form, and the same result holds 
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good with some other species of Primula. Conse- 
quently my anticipation that the plants with longer 
pistils, rougher stigmas, shorter stamens and smaller 
poUen-grains, would prove to be more feminine in 
nature, is exactly the reverse of the truth. 

In 1860 a few umbels on some plants of both the 
long-styled and short-styled form, which had been 
covered by a net, did not produce any seed, though 
other umbels on the same plants, artificially fertilised, 
produced an abundance of seed ; and this fact shows 
that the mere covering in itself was not injurious. 
Accordingly, in 1861, several plants were similarly 
covered just before they expanded their flowers ; these 
turned out as follows : — 



Tablb 5. 



Number j Number 
of of Umbels 

Plants. I produced. 



Short-styled . 
Long-styled 




Product of S'.'ed. 



1 • 3 grain weight of seed, 
or about 50 in number. 

Not one seed. 



Judging from the exposed plants which grew all round 
in the same bed, and had been treated in the same 
manner, excepting that they had been exposed to 
the visits of insects, the above six short-styled plants 
ought to have produced 92 grains* weight of seed 
instead of only 1*3; and the eighteen long-styled 
plants, which produced not one seed, ought to have, 
produced above 200 grains' weight. The production of 
a few seeds by the short-styled plants was probably due 
to the action of Thrips or of some other minute insect. 
It is scarcely necessary to give any additional evidence, 
but I may add that ten pots of polyanthuses and 
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pollen being deposited on it. It follows from the 
position of the organs that if the proboscis of a 
dead humble-bee, or a thick bristle or rough needle, 
be pushed down the corolla, first of one form and 
then of the other, as an insect would do in visiting 
the two forms growing mingled together, pollen from 
the long-stamened form adheres round the base of 
the object, and is left with certainty on the stigma 
of the long-styled form ; whilst pollen from the short 
stamens of the long-styled form adheres a little way 
above the extremity of the object, and some is 
generally left on the stigma of the other form. In 
accordance with this observation I found that the 
two kinds of pollen, which could easily be recog- 
nised under the microscope, adhered in this manner 
to the proboscides of the two species of humble- 
bees and of the moth, which were caught visiting 
the flowers; but some small grains were mingled 
with the larger grains round the base of the proboscis, 
and conversely some large grains with the small 
grains near the extremity of the proboscis. Thus 
pollen will be regularly carried from the one form 
to the other, and they will reciprocally fertilise one 
another. Nevertheless an insect in withdrawing its 
proboscis from the corolla of the long-styled form 
cannot fail occasionally to leave pollen from the same 
flower on the stigma; and in this case there might 
be self-fertilisation. But this will be much more 
likely to occur with the short-styled form ; for when I 
inserted a bristle or other such object into the corolla 
of this form, and had, therefore, to pass it down be- 
tween the anthers seated round the mouth of the 
corolla, some pollen was almost invariably carried 
down and left on the stigma. Minute insects, such 
fts Thrips, which sometimes haunt the flowers, would 
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likewise be apt to cause the seK-fertilisation of both 
forms. 

The several foregoing facts led me to try the effects 
of the two kinds of pollen on the stigmas of the 
two forms. Four essentially different unions are pos- 
sible ; namely, the fertilisation of the stigma of the 
long-styled form by its own-form pollen, and by that 
of the short-styled ; and the stigma of the short-styled 
form by its own-form pollen, and by that of the long- 
styled. The fertilisation of either form with pollen from 
the other form may be conveniently called a legitimate 
union, from reasons hereafter to be made clear ; and that 
of either form with its own-form pollen an illegitimate 
union. I formerly applied the term " heteromorphic " 
to the legitimate unions, and " homomorphic " to the 
illegitimate unions; but after discovering the exist- 
ence of trimorphic plants, in which many more unions 
are possible, these two terms ceased to be appKcable. 
The illegitimate unions of both forms might have been 
tried in three ways ; for a flower of either form may be 
fertilised with pollen from the same flower, or with that 
from another flower on the same plant, or with that 
from a distinct plant of the same form. But to make 
my experiments perfectly fair, and to avoid any evil 
result from self-fertilisation or too close interbreeding, 
I have invariably employed pollen from a distinct 
plant of the same form for the illegitimate unions of 
all the species ; and therefore it may be observed that 
I have used the term " own-form pollen " in speaking 
of such unions. The several plants in all my experi- 
ments were treated in exactly the same manner, and 
were carefully protected by fine nets from the access of 
insects, excepting Thrips, which it is impossible to ex- 
clude. I performed all the manipulations myself, and 
weighed the seeds in a chemical balance ; but during 
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many subsequent trials I followed the more accurate 
plan of counting the seeds. Some of the capsules con- 
tained no seeds, or only two or three, and these are 
excluded in the column headed " good capsules " in 
several of the following tables : — 



Table 6. 
Primula veris. 



Nature of the Union. 


Number 

of 

Flowers 

fertilised. 


Total 
Number 

of 
Capsules 
produced. 


Number 

of good 

Capsules. 


Weight 

of Seed in 

graios. 


Calculated 
Weight of 
Seed from 
100 good 
Capsules. 


Long-styled by pollen | 
of short-styled. Le-1 
gitimate union . . ) 


22 


15 


14 


8-8 


62 


Long- styled by own-| 
form pollen. Ille-J 
gitimate union . . j 


20 


8 


5 


2-1 


42 


Short-styled by pollen j 
of long-styled. Le-> 
gitimate union . . ) 


13 


12 


11 


4-9 


44 


Short-styled by own-| 
form pollen. lUe-i 
gitimate union. . ) 


15 


8 


6 


1-8 


30 


Summary : 

The two legitimate'! 
unions . . . ./ 


35 


27 


25 


13-7 


54 


The two illegitimate! 
unions . . . ./ 


35 


16 


11 

• 


3-9 


35 



The results may be given in another form (Table 7) 
by comparing, first, the number of capsules, whether 
good or bad, or of the good alone, produced by 100 
flowers of both forms when legitimately and illegiti- 
mately fertilised ; secondly, by comparing the weight 
of seed in 100 of these capsules, whether good or bad ; 
or, thirdly, in 100 of the good capsules. 
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Table 7. 



Nature of the 
Union. 


Number 

of 
Flowers 

fer- 
tilised. 


Number 
of 

Cap- 
sules. 


Number 
of good 
Cap- 
sules. 


Weigbt 
of Seed 

in 
grains. 


Number 
of 
Cap- 
sules. 


Weight 
of Seed 

in 
grains. 


Number 
of good 
Cap- 
sules. 


Weidbt 
ofSetd 

in 
grains. 


The two le-j 
gitimate> 
unions . 1 


100 


77 


71 


39 


100 


50 


100 


54 


The two il- 
legitimate 
unions . 


100 


45 


31 


11 


100 


24 

• 


100 


35 



We here see that the long-styled flowers fertiKsed 
with pollen from the short-styled yield more capsules, 
especially good ones (i.e. containing more than one 
or two seeds), and that these capsules contain a greater 
proportional weight of seeds than do the flowers of the 
long-styled when fertilised with pollen from a distinct 
plant of the same form. So it is with the short-styled 
flowers, if treated in an analogous manner. Therefore I 
have called the former method of fertilisation a legiti- 
mate union, and the latter, as it fails to yield the full 
complement of capsules and seeds, aii illegitimate 
union. These two kinds of union are graphically re- 
presented in Fig. 2. 

If we consider the results of the two legitimate 
unions taken together and the two illegitimate ones, 
as shown in Table 7, we see that the former com- 
pared with the latter yielded capsules, whether con- 
taining many seeds or only a few, in the proportion of 
77 to 45, or as 100 to 58. But the inferiority of the 
illegitimate unions is here perhaps too great, for on a 
subsequent occasion 100 long-styled and short-styled 
flowers were illegitimately fertilised, and they together 
yielded 53 capsules : therefore the rate of 77 to 53, or 
as 100 to 69, is a fairer one than that of 100 to 58. 
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Betnmmg to Table 7, if we oonsidei only the good 
capsules, those liom the two legitimate unions were to 
those from the two iUegitimate in mimber as 71 to 31, 
or as 100 to 44, Again, if wo take an equal number of 
capsules, whether good or bad, from the legitimately 
and illegitimately fertilised flowers, we find that the 
former contained seeds by weight compared with the 
latter aa 50 to 24, or as 100 to 48 ; but if all the 




iDcompleta 



poor capsules are rejected, of which many were pro- 
duced by the illegitimately fertilised flowers, the propor- 
tion is 54 to 35, or as 100 to 65. In this and all other 
cases, the relative fertility of the two kinds of union 
can, I think, be judged of more truly by the average 
number of seeds per capsule than by the proportion of 
flowers which yield capsules. The two methods might 
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have been combined by giving the average number of 
seeds produced by all the flowers which were fertilised, 
whether they yielded capsules or not; but I have 
thought that it would be more instructive always to 
show separately the proportion of flowers 'which pro- 
duced capsules, and the average number of apparently 
good seeds which the capsules contained. 

Flowers legitimately fertilised set seeds under con- 
ditions which cause the almost complete failure of 
illegitimately fertilised flowers. Thus in the spring of 
1862 forty flowers were fertilised at the same time in 
both ways. The plants were accidentally exposed in 
the greenhouse to too hot a sun, and a large number 
of umbels perished. Some, however, remained in mo- 
derately good health, and on these there were twelve 
flowers which had been fertilised legitimately, and 
eleven which had been fertilised illegitimately. The 
twelve legitimate unions yielded seven fine capsules, 
containing on an average each 57 * 3 good seeds ; whilst 
the eleven illegitimate unions yielded only two cap- 
sules, of which one contained 39 seeds, but so poor, 
that I do not suppose one would have germinated, and 
the other contained 17 fairly good seeds. 

From the facts now given the superiority of a legi- 
timate over an illegitimate union admits of not the 
least doubt; and we have here a case to which no 
parallel exists in the vegetable or, indeed, in the 
animal kingdom. The individual plants of the pre- 
sent species, and as we shall see of several other 
species of Primula, are divided into two sets or 
bodies, which cannot be called distinct sexes, for 
both are hermaphrodites; yet they are to a certain 
extent sexually distinct, for they require reciprocal 
union for perfect fertility. As quadrupeds are di- 
vided into two nearly equal bodies of different sexes, 
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SO here we have two bodies, approximately equal in 
number, differing in their sexual powers and related to 
each other like males and females. There are many 
hermaphrodite animals which cannot fertilise them- 
selves, but must unite with another hermaphrodite. 
So it is with numerous plants ; for the pollen is often 
mature and shed, or is mechanically protruded, before 
the flower's own stigma is ready ; and such flowers ab- 
solutely require the presence of another hermaphro- 
dite for sexual union. But with the cowslip and various 
other species of Primula there is this wide difference, 
that one individual, though it can fertilise itself im- 
perfectly, must unite with another individual for full 
fertility ; it cannot, however, unite with any other in- 
dividual in the same manner as an hermaphrodite 
plant can imite with any other one of the same species ; 
or as one snail or earth-worm can unite with any other 
hermaphrodite individual. On the contrary, an indi- 
vidual belonging to one form of the cowslip in order 
to be perfectly fertile must unite with one of the other 
form, just as a male quadruped must and can unite 
only with the female. 

I have spoken of the legitimate unions as being 
fully fertile ; and I am fully justified in doing so, for 
flowers artificially fertilised in this manner yielded 
rather more seeds than plants naturally fertilised in 
a state of nature. The excess may be attributed to 
the plants having been grown separately in good soil. 
With respect to the illegitimate unions, we shall best 
appreciate their degree of lessened fertility by the 
following facts. Gartner estimated the sterility of the 
unions between distinct species,* in a manner which 
allows of a strict comparison with the results of the 
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this whole subject I shall recur. No doubt pollen mU 
occasionally be placed by insects or fall on the stigma 
of the same flower ; and if cross-fertilisation fails, such 
self-fertilisation will be advantageous to the plant, as 
it will thus be saved from complete barrenness. But 
the advantage is not so great as might at first be 
thought, for the seedlings from illegitimate unions do 
not generally consist of both forms, but all belong to 
the parent form ; they are, moreover, in some degree 
weakly in constitution, as will be shown in a future 
chapter. If, however, a flower's own pollen should first 
be placed by insects or fall on the stigma, it by no 
means follows that cross-fertilisation will be thus pre- 
vented. It is well known that if pollen from a distinct 
species be placed on the stigma of a plant, and some 
hours afterwards its own pollen be placed on it, the 
latter will be prepotent and will quite obliterate any 
effect from the foreign pollen ; and there can hardly 
be a doubt that with heterostyled dimorphic plants, 
pollen from the other form will obliterate the effects of 
pollen from the same form, even when this has been 
placed on the stigma a considerable time before. To 
test this belief, I placed on several stigmas of a long- 
styled cowslip plenty of pollen from the same plant, 
and after twenty-four hours added some from a short- 
styled dark-red polyanthus, which is a variety of the 
cowslip. From the flowers thus treated 30 seedlings 
were raised, and all these, without exception, bore 
reddish flowers ; so that the effect of pollen from the 
same form, though placed on the stigmas twenty-four 
hours previously, was quite destroyed by that of pollen 
from a plant belonging to the other form. 

Finally, I may remark that of the four kinds of 
unions, that of the short-styled illegitimately fertilised 
with its own-form pollen seems to be the most sterile of 
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all, as judged by thQ average number of seeds, which 
the capsules contained. A smaller proportion, also, of 
these seeds than of the others germinated, and they 
germinated more slowly. The sterility of this union is 
the more remarkable, as it has already been shown 
that the short-styled plants yield a larger number of 
seeds than the long-styled, when both forms are fer- 
tilised, either naturally or artificially, in a legitimate 
manner. 

In a future chapter, when I treat of the offspring 
from heterostyled dimorphic and trimorphic plants 
illegitimately fertilised with their own-form pollen, I 
shall have occasion to show that with the present 
species and several others, equal-styled varieties some- 
times appear. 

Primula elatior, Jacq. 

Bardfield Oxlip of English AutJwrs, 

This plant, as well as the last or Cowslip (P. veris, 
vel officinalis), and the Primrose (P. vulgaris, vel acauiis) 
have been considered by some botanists as varieties of 
the same species. But they are all three undoubtedly 
distinct, as will be shown in the next chapter. The 
present species resembles to a certain extent in general 
appearance the common oxlip, which is a hybrid be- 
tween the cowslip and primrose. Primula elatior is. 
found in England only in two or three of the eastern 
counties ; and I was supplied with living plants by Mr. 
Doubleday, who, as I believe, first called attention to 
its existence in England. It is common in some parts 
of the Continent; and H. Miiller* has seen several 
kinds of humble-bees and other bees, and Bombylius, 
visiting the flowers in North Germany. 

♦ * Die Bofruohtung der Blumen/ p. 347, 
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The results of my trials on the relative fertility of 
the two forms, when legitimately and illegitimately 
fertilised, are given in the following table : — 



Table 8. 
Primula elatior. 



Nature of Union. 



Long-styled form, by j 
pollen of short-styled. 
Legitimate union 

Long-styled form, by] 
own-form pollen. II- 1 
legitimate union . 



Short-styled form, by 1 
pollen of long-styled. I 
Legitimate union 

Short'Styled form, by j 
own-form pollen. 11- 1 
legitimate union. 

The two legitimate'^ 
unions together . ./ 



The two illegitimate'^ 
unions together . . j 



Number . Nnmber 
of of good 

Flowers Capsules 
fertilised, produced. 



Maximum 
of Seeds 

in any one 
Capsule. 



10 



20 



62 



49* 



10 



8 



61 



17 



20 



14 



19 



62 



37 



49* 



Minimum 
of Seoda 



Average 
Number of 



in any one i Seeds per 
Capaule. CapiiiUe. 



34 



46-5 



2 


27-7 


37 


47-7 


9 


12-1 


37 


47-1 



35-5 



* These seeds were so poor and small that they could hardly have germinated. 

If we compare the fertility of the two legitimate 
unions taken together with that of the two illegitimate 
unions together, as judged by the proportional number 
of flowers which when fertilised in the two methods 
yielded capsules, the ratio is as 100 to 27 ; so that by 
this standard the present species is much more sterile 
than P. veris, when both species are illegitimately fer- 
tilised. K we judge of the relative fertility of the two 
kinds of unions by the average number of seeds per 
capsule, the ratio is as 100 to 75. But this latter 
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number is probably much too high, as many of the seeds 
produced by the illegitimately fertilised long-styled 
flowers were so small that they probably would not 
have germinated, and ought not to have been counted. 
Several long-styled and short-styled plants were pro- 
tected from the access of insects, and must have been 
spontaneously seK-fertilised. They yielded altogether 
only six capsules, containing any seeds ; and their 
average number was only 7*8 per capsule. Some, 
moreover, of these seeds were so small that they could 
hardly have genjiinated. 

Herr W. Breitenbach informs me that he examined, 
in two sites near the Lippe (a tributary of the Ehine), 
894 flowers produced by 198 plants of this species ; and 
he found 467 of these flowers to be long-styled, 411 
short-styled, and 16 equal-styled. I have heard of no 
other instance with heterostyled plants of equal-styled 
flowers appearing in a state of nature, though far from 
rare with plants which have been long cultivated. It 
is still more remarkable that in eighteen cases the 
same plant produced both long-styled and short-styled, 
or long-styled and equal-styled flowers ; and in two 
out of the eighteen cases, long-styled, short-styled, and 
equal-styled flowers. The long-styled flowers greatly 
preponderated on these eighteen plants, — 61 consisting 
of this form, 15 of equal-styled, and 9 of the short- 
styled form. 

Primula vulgaris (var. acavlis, Linn,), 

The Primrose of English Writers, 

Mr. J. Scott examined 100 plants growing near 
Edinburgh, and found 44 to be long-styled, and 56 
short-styled ; and I took by chance 79 plants in Kent, 
of which 39 were long-styled and 40 short-styled ; so 
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that the two lots together consigted of 83 long-styled 
and 96 short-styled plants. In the long-styled form 
the pistil is to that of the short-styled in length, from 
an average of five measurements, as 100 to 51. The 
stigma in the long-styled form is conspicuously more 
globose and much more papillose than in the short- 
styled, in which latter it is depressed on the summit ; 

Fig. 3. 




Outlines of pollen-grains of Primula vulgaris, distended with water, mncn 
magnified and drawn nnder the camera lucida. The upper and smaller 
grains from the long-styled form ; the lower and larger grains from 
the short-styled. 

it is equally broad in the two forms. In both it stands 
nearly, but not exactly, on a level with the anthers of 
the opposite form ; for it was found, from an average 
of 15 measurements, that the distance between the 
middle of the stigma and the middle of the anthers 
in the short-styled form is to that in the long-styled 
as 100 to 93. The anthers do not differ in size in the 
two foniui. The pollen-grains from the short-styled 
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flowers before they were soaked in water were decidedly 
broader, in proportion to their length, than those from 
the long-styled ; after being soaked they were relatively 
to those from the long-styled as 100 to 71 in diameter, 
and more transparent. A large number of flowers firom 
the two forms were compared, and 12 of the finest 
flowers from each lot were measured, but there was no 
sensible difference between them in size. Nine long- 
styled and eight short-styled plants growing together in 
a state of nature were marked, and their capsules col- 
lected after they had been naturally fertilised ; and 
the seeds from the short-styled weighed exactly twice 
as much as those from an equal number of long-styled 
plants. So that the primrose resembles the cowslip in 
the short-styled plants, being the more productive of 
the two forms. The results of my trials on the fer- 
tility of the two forms, when legitimately and illegi- 
timately fertilised, are given in Table 9. 

We may infer from this table that the fertility of the 
two legitimate unions taken together is to that of the 
two illegitimate unions together, as judged by the pro- 
portional number of flowers which when fertilised in 
the two methods yielded capsules, as 100 to 60. If we 
judge by the average niunber of seeds per capsule pro- 
duced by the two kinds of imions, the ratio is as 100 
to 54 ; but this latter figure is perhaps rather too low. 
It is surprising how rarely insects can be seen during the 
day visiting the flowers, but I have occasionally observed 
small kinds of bees at work ; I suppose, therefore, that 
they are commonly fertilised by nocturnal Lepidoptera. 
The long-styled plants when protected from insects 
yield a considerable number of capsules, and they thus 
differ remarkably from the same form of the cowslip, 
which is quite sterile under the same circumstances. 
Twenty-three spontaneously self-fertilised capsules from 



Chat. I. 



PBIMULA VULGABIS. 



37 



Table 9. 
Primula vulgaris. 



Nature of Union. 


Number Number 
of j of good 
Flowers Capsules 
fertilised, produced. 


Maximum 
Number 

of Seeds in 
any one 
Capsule. 


Minimum 
Number 
of Seeds 

in any one 
Capsule. 


Average 

Number of 

Seeds per 

Capsule. 


Long-styled form, by pel- 1 
len from short-styled.) 
Legitimate union . . ) 


12 


11 


77 


47 


66-9 


Long-styled form, by 
own-form pollen. 11- > 
legitimate union . . ) 


21 


14 


66 


30 


52-2 


Short-styled form, by j 
pollen from long-styled. > 
Legitimate union . . j 


8 


7 


75 


48 


65-0 


Short-styled form, byj 
own-form pollen. 11- > 
legitimate union . . j 


18 


7 


43 


5 


18-8* 


The two legitimate' 
unions together . 


20 


18 


77 


47 


66*0 


The two illegitimate"^ 
unions together , ./ 


39 


21 


66 


5 


35-5* 



* This average is perhaps rather too low. 

this form contained, on an average, 19-2 seeds. The 
short-styled plants produced fewer spontaneously self- 
fertilised capsules, and fourteen of them contained only 
6*2 seeds per capsule. The seK-fertilisation of both forms 
was probably aided by Thrips, which abounded within 
the flowers ; but these minute insects could not have 
placed nearly sufficient pollen on the stigmas, as the 
spontaneously seK-fertilised capsules contained much 
fewer seeds, on an average, than those (as may be seen 
in Table 9) which were artificially fertilised with their 
own-form pollen. But this difference may perhaps be 
attributed in part to the flowers in the table having 
been fertilised with pollen from a distinct plant be- 
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it was longer and had a more elongated and rougher 
stigma, than in the other; and the poUen-grains from 
the latter were to those from the plant with a more 
elongated pistil only as 100 to 88 in diameter, instead 
of as 100 to 57. The corolla of the long-styled and 
short-styled form differs in shape, in the same manner 
as in P. veris. The long-styled plants tend to flower 
before the short-styled. When both forms were legiti- 
mately fertilised, the capsules from the short-styled 
plants contained, on an average, more seeds than those 
from the long-styled, in the ratio of 12*2 to 9*3 by 
weight, that is, as 100 to 78. In the following table 
we have the results of two sets of experiments tried 
at different periods. 

Table 10. 
Primtda Sinensis, 



Nature of Union. 


Namber 

of 

Flowers 

fertilised. 


Number 

of good 

Capsules 

produced. 


Average 

Weight of 

Seeds per 

Capsule. 


Average Number 
of Seeds per 
Capsule, as 

ascertained on a 

subsequent 

occasion. 


Long-styled form, by pollen 
of short-styled. Legiti- • 
mate union .... 

• 


24 


16 


0-58 


50 


Long-styled form, by own- 
form pollen, lllegitio > 
mate union .... 


20 


13 


0-45 


35 


Short-styled form, by pol- 
len of long-styled. Le- > 
gitimate union . • . 


8 


8 


0*76 


64 


Short- styled form, by own-] 
form pollen. Illegiti-> 
mate union . . • .) 


7 


4 


0-23 


25 


The two legitimate unions^ 
together / 


32 


24 


0-64 


57 


The two illegitimate unions! 
together / 


27 


17 


0'40 


30 



3 
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The fertility, therefore, of the two legitimate unions 
together to that of the two illegitimate unions, as judged 
by the proportional number of flowers which yielded 
capsules, is as 100 to 84. Judging by the average 
weight of seeds per capsule produced by the two kinds 
of unions, the ratio is as 100 to 63. On another occa- 
sion a large number of flowers of both forms were 
fertilised in the same manner, but no account of their 
number was kept. The seeds, however, were carefully 
counted, and the averages are shown in the right-hand 
column. The ratio for the number of seeds produced 
by the two legitimate compared with the two illegiti- 
mate unions is here 100 to 53, which is probably more 
accurate than the foregoing one of 100 to 63. 

Hildebrand in the paper above referred to gives the 
results of his experiments on the present species ; and 
these are shown in a condensed form in the following 
table (11). Besides using for the illegitimate unions 
pollen from a distinct plant of the same form, as was 
always done by me, he tried, in addition, the efiects of 
the plant's own pollen. He coimted the seeds. 

It is remarkable that here all the flowers which 
were fertilised legitimately, as well as those fertilised 
illegitimately with pollen from a distinct plant be- 
longing to the same form, yielded capsules ; and from 
this fact it might be inferred that the two forms were 
reciprocally much more fertile in his case than in 
mine. But his illegitimately fertilised capsules from 
both forms contained fewer seeds relatively to the 
legitimately fertilised capsules than in my experi- 
ments ; for the ratio in his case is as 42 to 100, 
instead of, as in mine, as 53 to 100. Fertility is a 
very variable element with most plants, being deter- 
mined by the conditions to which they are subjected, of 
which fact I have observed striking instances with the 
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Table 11. 
Fmnula Sinensis (^/rom Htldehrand), 



Kaiare of Union. 


Kamber 

of 

Flowers 

fertilised. 


Knmber 

of good 

Capsules 

produced. 


Average 

Kamber of 

Seeds per 

Gapsale. 


Long-styled form, by pollen of short-"^ 
styled. Legitimate union . . . ./ 


14 

• 


14 


41 


Long-styled form, by own-form pollen, from'^ 
a distinct plant. Illegitimate nnion . / 


26 


26 


18 


Long-styled form, by pollen from same) 
flower. Illegitimate union. • . ./ 


27 


21 


17 


Short-styled form, by pollen of long-'^ 
styled. Legitimate union . . . ./ 


14 


14 


44 


Short-styled form, by own-form pollen, "^ 
from a distinct plant. Illegitimate union/ 


16 


16 


20 


Short-styled, by pollen from the same'^ 
flower. Illegitimate union. . . ./ 


21 


11 


8 


The two legitimate unions together . . 


28 


28 


43 


The two ille^timate unions together'^ 
(own-form pollen) ..,.,,/ 


42 


42 


18 


The two illegitimate unions together (pol-^^ 
len from the same flower) . . . ./ 


48 


32 


13 



present species ; and this may account for the dififer- 
ence between my results and those of Hildebrand. His 
plants were kept in a room, and perhaps were grown in 
too small pots or under some other unfavourable condi- 
tions, for his capsules in almost every case contained a 
smaller number of seeds than mine, as may be seen 
by comparing the right-hand columns in Tables 10 
and 11. 

The most interesting point in Hildebrand's experi- 
ments is the difference in the effects of illegitimate 
fertilisation with a flower's own pollen, and with that 
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but this explanation seems to me doubtful ; his plants 
were in a less fertile condition than mine, as shown by 
the difiference in the number of seeds produced, and 
it is highly probable that their lessened fertility would 
have interfered with especial force with their capacity 
for producing self-fertilised seeds. 



Fbimula aubicula.* 

This species is heterostyled, like the preceding ones; but 
amongst the varieties distributed by florists the long-styled form 
is rare, as it is not valued. There is a much greater relative in- 
equality in the length of the pistil and stamens in the two forms 
of the auricula than in the cowslip ; the pistil in the long-styled 
being nearly four times as long as that in the short-styled, in 
which it is barely longer than the ovarium. The stigma is nearly 
of the same shape in both forms, but is rougher in the long-styled, 
though the difference is not so great as between the two forms 
of the cowslip. In the long-styled plants the stamens are very 
short, rising but little above the ovarium. The pollen-grains of 
these short stamens, when distended with water, were barely ^^^ 
of an inch in diameter, whereas those from the long stamens of 
the short-styled plants were barely -a^, showing a relative dif- 
ference of about 71 to 100. The smaller grains of the long- 
styled plant are also much more transparent, and before disten- 
tion with water more triangular in outline than those of the 
other form. Mr. Scott t compared ten plants of both forms grow- 
ing under similar conditions, and found that, although the long- 
styled plant produced more umbels and more capsules than the 
short-styled, yet they yielded fewer seeds, in the ratio of 66 to 
100. Three short-styled plants were protected by me from the 



* According to Kemer our gar- 
den auriculas are descended fromP. 
pubescemy J&cq,, which is a hybrid 
between the true P. auricula and 
hirmta. This hybrid has now been 
piopagated for about 300 years, 
and produces, when legitimately 
feitilised, a large number of seeds ; 
the long-styled forms yielding an 
average number of 73, and the 



short-styled 98 seeds per capsule : 
see his " Geschichte der Aurikel," 
' Zeitsohr. des Deutschen und Oest 
Alpen-Vereins,' Band vi. p. 52. 
Also 'DiePrimulaceen-Bastarten,* 
* Oest Bot. Zeitschrift,' 1835, Nos. 
3, 4» and 5. 

t ' Journ. Linn. Soo. Bot.' yoL 
vui. 1864, p. 86. 
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access of insects^ and they did not produce a single seed. Mr. 
Scott protected six plants of both forms, and found them ex- 
cessively sterile. The pistil of the long-styled form stands so 
high above the anthers, that it is scarcely possible that pollen 
should reach the stigma without some aid; and one of Mr. 
Scott's long-styled plants which yielded a few seeds (only 18 in 
number) was infested by aphides, and he does not doubt that 
these had imperfectly fertilised it. 

I tried a few experiments by reciprocally fertilising the two 
forms in the same manner as before, but my plants were un- 
healthy, so I will give, in a condensed form, the results of Mr. 
Scott's experiments. For fuller particulars with respect to this 
and the five following species, the paper lately referred to may 
be consulted. In each case the fertility of the two legitimate 
unions, taken together, is compared with that of the two ille- 
gitimate unions together, by the same two standards as before, 
namely, by the proportional ntmiber of flowers which pro- 
duced good capsules, and by the average number of seeds per 
capsule. The fertility of the legitimate unions is always taken 
at 100. 

By the first standard, the fertility of the two legitimate unions 
of the auricula is to that of the two illegitimate unions as 100 
to 80; and by the second standard as 100 to 15. 

Primula Sieeimensis. 

According to Mr. Scott, the pistil of the long-styled form is 
fully four times as long as that of the short-styled, but their 
stigmas are nearly alike in shape and roughness. The stamens 
do not differ so much in relative length as the pistils. The pollen- 
grains differ in a marked manner in the two forms; ''those of 
the long-styled plants are sharply triquetrous, smaller, and more 
transparent than those of the short-styled, which are of a bluntly 
triangular form." The fertility of the two legitimate unions to 
that of the two illegitimate unions is by the first standard as 
100 to 95, and by the second standard as 100 to 31. 

Primula cortusoides. 

The pistil of the long-styled form is about thrice as long as 
that of the short-styled, the stigma being double as long and 
aovcred with much longer jDapillae. The pollen-grains of the short* 
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styled form are, as usual, " larger, less transparent, and more 
bluntly triangular than those from the long-styled plants." The 
fertiliiy of the two legitimate unions to that of the two ille- 
gitimate unions is by the first standard as 100 to 74, and by 
the second standard as 100 to 66. 



Primula involucbata. 

The pistil of the long-stylod form is about thrice as long as 
that of the short-styled ; the stigma of the former is globular 
and closely beset with papillaB, whilst that of the short-styled 
is smooth and depressed on the apex. The pollen-grains of the 
two forms differ in size and transparency as before, but not in 
shape. The fertility of the two legitimate to that of the two 
illegitimate unions is by the first standard as 100 to 72; and by 
the second standard as 100 to 47. 

Pbimula pabinosa. 

According to Mr. Scott, the pistil of the long-styled form is 
only about twice as long as that of the short-styled. The 
stigmas of the two forms differ but little in shape. The pollen- 
grains differ in the usual manner in size, but not in form. The 
fertility of the two legitimate to that of the two illegitimate 
unions is by the first standard as 100 to 71, and by the second 
standard as 100 to 44. 

Summary on the foregoing heterostyled species of Pri- 
mula, — The fertility of the long and short-styled plants 
of the above species of Primula, when the two forms 
are fertilised legitimately, and illegitimately with 
pollen of the same form taken from a distinct plant, 
has now been given. The results are seen in the fol- 
lowing table ; the fertility being judged by two 
standards, namely, by that of the proportional number 
of flowers which yielded capsules, and by that of the 
average number of seeds per capsule. But for full 
accuracy many more observations, under varied condi* 
tions^ would be requisite. 
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Table 12. 

Summary on the Fertility of the two Legitimate Unions, compared 
with that of the two Illegitimate Unions, in the genus Primula. 
The former taken at 100. 



Name of Species. 



Primula veris 
P. elatior 



P. vulgaris . 

P. Sincjisis 

„ (second trial) 
„ (after Hildebrand) 

P. auricula (Scott) . 

P. Sikkimensis (Scott) 

P. cortusoides (Scott) 

P. involucrata (Scott) 

P. farinosa (Scott) . 

Average of the nine species 



Illegitimate Unions. 



Judged of by the 

Proportional Number 

of Flowers whicli 

produced Capsules. 




Judged of by the 

Average Number (or 

Weight in some cases) 

of Seeds per Capsule. 



88-4 



65 

75 



.r(Probably 
*(too high.) 
g^r(Perhaps 
\ too low.) 

A51 



63 
53 
42 
15 
31 
66 
48 
44 



61-8 



With plants of all kinds some flowers generally fail 
to produce capsules, from various accidental causes ; 
but this source of error has been eliminated, as far as 
possible, in all the previous cases, by the manner in 
which the calculations have been made. Supposing, 
for instance, that 20 flowers were fertilised legiti- 
mately and yielded 18 capsules, and that 30 flowers 
were fertilised illegitimately and yielded 15 cap- 
sules, we may assume that on an average an equal 
proportion of the flowers in both lots would fail to 
produce capsules from various accidental causes ; and 
the ratio of ^-| to Jg-, or as 100 to 56 (in whole 
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numbers), would show the proportional number of cap- 
sules due to the two methods of fertilisation ; and the 
number 56 would appear in the left-hand column of 
Table 12, and in my other tables. With respect 
to the average number of seeds per capsule hardly 
anything need be said : supposing that the legiti- 
mately fertilised capsules contained, on an average, 
50 seeds, and the illegitimately fertilised capsules 
25 seeds ; then as 50 is to 25 so is 100 to 50 ; and 
the latter number would appear in the right-hand 
column. 

It is impossible to look at the above table and doubt 
that the legitimate unions between the two forms of the 
above nine species of Primula are much more fertile 
than the illegitimate unions; although in the latter 
case pollen was always taken from a distinct plant of 
the same form. There is, however, no close corre- 
spondence in the two rows of figures, which give, 
according to the two standards, the diflference of fer- 
tility between the legitimate and illegitimate unions. 
Thus all the flowers of P. Sinensis which were illegiti- 
mately fertilised by Hildebrand produced capsules; 
but these contained only 42 per cent, of the number 
of seeds yielded by the legitimately fertilised capsules. 
So again, 95 per cent, of the illegitimately fertilised 
flowers of P. SiTckiinensis produced capsules ; but these 
contained only 31 per cent, of the number of seeds in 
the legitimate capsules. On the other hand, with 
P. elatior only 27 per cent, of the illegitimately fer- 
tilised flowers yielded capsules ; but these contained 
nearly 75 per cent, of the legitimate number of seeds. 
It appears that the setting of the flowers, that is, the 
production of capsules whether good or bad, is not 
so much influenced by legitimate and illegitimate fer- 
tilisation as is the number of seeds which the capsules 
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contain. For, as may be seen at the bottom of Table 
12, 88*4 per cent, of the illegitimately fertilised 
flowers yielded capsules ; but these contained only 
61*8 per cent, of seeds, in comparison, in each case, 
with the legitimately fertilised flowers and capsides 
of the same species. 

There is another point which deserves notice, 
namely, the relative degree of infertility in the several 
species of the long-styled and short-styled flowers, 
when both are illegitimately fertilised. The data 
may be found in the earlier tables, and in those given 
by Mr. Scott in the Paper already referred to. If we 
call the number of seeds per capsule produced by the 
illegitimately fertilised long-styled flowers 100, the 
seeds from the illegitimately fertilised short-styled 
flowers will be represented by the following num- 
bers : — 

Primula veris. 71 
P.elatior. . ^^^Ij 



P. vulgaris 
P. Sinensis 



Qg f (Perhaps 
\ too low.) 

71 



Primula auricula . 


. . 119 


P. Sikkimensis 


. . 57 


P. cortusoides 


. . 93 


P. involucrata 


. . 74 


P. farinosa 


. . 63 



We thus see that, with the exception of P. auricula, the 
long-styled flowers of all nine species are more fertile 
than the short-styled flowers, when both forms are 
illegitimately fertilised. Whether P. auricula really 
differs from the other species in this respect I can form 
no opinion, as the result may have been accidental. 
The degree of self-fertility of a plant depends on two 
elements, namely, on the stigma receiving its own pollen 
and on its more or less efficient action when placed 
there. Now as the anthers of the short-styled flowers of 
several species of Primula stand directly above the 
stigma, their pollen is more likely to fall on it, or to 
be carried down to it by insects, than in the case of 



Chap. I. HOMOSTYLED PBIMULAS. 49 

the long-styled form. It appears probable, therefore, 
at first sight, that the lessened capacity of the short- 
styled flowers to be fertilised with their own pollen, is 
a special adaptation for counteracting their greater 
liability to receive their own pollen, and thus for 
checking seK-fertilisation. But from facts with respect 
to other species hereafter to be given, this view can 
hardly be admitted. In accordance with the above 
liability, when some of the species of Primula were 
allowed to fertilise themselves spontaneously under 
a net, all insects being excluded, except such minute 
ones as Thrips, the short-styled flowers, notwith- 
standing their greater innate self-sterility, yielded 
more seed than did the long-styled. None of the 
species, however, when insects were excluded, made 
a near approach to full fertility. But the long-styled 
form of P. Sinensis gave, under these circumstances, 
a considerable number of seeds, as the corolla in falling 
off drags the anthers, which are seated low down in 
the tube, over the stigma, and thus leaves plenty of 
pollen on it. 

Homostyled species of Primvla, — It has now been 
shown that nine of the species in this genus exist under 
two forms, which differ not only in structure but in 
function. Besides these Mr. Scott enumerates 27 other 
species* which are heterostyled ; and to these probably 
others will be hereafter added. Nevertheless, some 
species are homostyled ; that is, they exist only under 
a single form ; but much caution is necessary on this 
head, as several species when cultivated are apt to 
become equal-styled. Mr. Scott believes that P. 
Scotica, verticiUata, a variety oiSihirica, elata, mollis, and 



• H. Miiller has given in * Na- yiz. the Alpine P. vfUosa, and 
tare/ Deo. 10, 1874, p. 110, a Bhows that it is fertilised exclo' 
drawing of one of these species, sively by Lepidoptera. 
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of Sprengel,* in 1793, who, with his usual sagacity, 
adds that he does not believe the existence of the two 
forms to be accidental, though he cannot explain their 
purpose. The pistil of the long-styled form is more 
than twice as long as that of the short-styled, with the 
stigma rather smaller, though rougher. H. Mullerf 
gives figures of the stigmatic papillae of the two forms, 
and those of the long-styled are seen to be more than 
double the length, and much thicker than the papillae 
of the short-styled form. The anthers in the one form 
do not stand exactly on a level with the stigma in 
the other form ; for the distance between the organs is 
greater in the short-styled than in the long-styled 
flowers in the proportion of 100 to 71. In dried speci- 
mens soaked in water the anthers of the short-styled 
form are larger than those of the long-styled, in the 
ratio of 100 to 83. The pollen-grains, also, from the 
short-styled flowers are conspicuously larger than those 
from the long-styled ; the ratio between the diameters 
of the moistened grains being as 100 to 64, according 
to my measurements, but according to the measure- 
ments of H. Muller as 100 to 61 ; and his are probably 
the more accurate of the two. The contents of the 
larger pollen-grains appear more coarsely granular 
and of a browner tint, than those in the smaller 
grains. The two forms of Hottonia thus agree closely 
in most respects with those of the heterostyled species 
of Primula. The flowers of Hottonia are cross-fertilised, 
according to Muller, chiefly by Diptera. 

Mr. Scott $ made a few trials on a short-styled plant, 
and found that the legitimate unions were in all ways 
more fertile than the illegitimate ; but since the pub- 



♦ 'Das entdeckte Geheimniss % *Jouni. Linn. Soc. Bot/ yoL 

der Nature/ p. 103. viii 1864, p. 79. 

t *Die Be&achtang/ &c., p. 350. 
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lication of his paper H. Miiller has made much fuller 
experiments, and I give his results in the following 
table, drawn up in accordance with my usual plan : — 

Table 13. 

Hottonia palustris {from //. Miiller), 



Nature of Union. 


Number 

of Oapsules 

examined. 


Average 

Number of 

Seeds per 

Capsule. 


Long-styled form, by pollen of short-styled.'^ 
Legitimate union . . • / 


34 


91-4 


Long-styled form, by own-form pollen, from a| 
distinct plant. Illegitimate union . . ./ 


18 


77-5 


Short-styled form, by pollen of long-styled.| 
Legitimate union / 


30 


66-2 


Short-styled form, by own-form pollen, from a| 
distinct plant. Illegitimate union . . . / 


19 


18-7 


The two legitimate unions together 


64 


78-8 


The two illegitimate unions together . 


37 


48-1 



The most remarkable point in this table is the 
small average number of seeds from the short-styled 
flowers when illegitimately fertilised, and the unusually 
large average number of seeds yielded by the illegiti- 
mately fertilised long-styled flowers, relatively in both 
cases to the product of the legitimately fertilised 
flowers.* The two legitimate unions compared with 



* n. Muller says ('Die Be- 
fruchtung/ &c., p. 352) that the 
long-styled flowers, when illegiti- 
mately fertilised, yield as many 
seeds as when legitimately fer- 
tilised ; but by adding up the 
number of seeds from all the cap- 
sules produced by the two methods 
of fertilisation, as given by him, 



I arrive at the results shown in 
Table 13. The average number 
in the long-styled capsules, when 
legitimately fertilised, is 91*4, 
and when illegitimately fertilised, 
77 • 5 ; or as 100 to 85. H. Miiller 
agrees with me that this is the 
proper manner of viewing tha 
case. 
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the two illegitimate together yield seeds in the ratio 
of 100 to 61, 

H. Miiller also tried the effects of illegitimately fer- 
tilising the long-styled and short-styled flowers with 
their own pollen, instead of with that from another 
plant of the same form; and the results are very 
striking. For the capsules from the long-styled 
flowers thus treated contained, on an average, only 
15*7 seeds instead of 77*5; and those from the 
short-styled 6*5, instead of 18*7 seeds per capsule. 
The number 6 • 5 agrees closely with Mr. Scott's result 
from the same form similarly fertilised. 

From some observations by Dr. Torrey, Hottonia 
injlata, an inhabitant of the United States, does not 
appear to be heterostyled, but is remarkable from pro- 
ducing cleistogamic flowers, as will be seen in the last 
chapter of this volume. 

Besides the genera Primula and Hottonia, Androsace 
(vel Gregoria, vel Aretia) vitailiana is heterostyled. 
Mr. Scott* fertilised with their own pollen 21 flowers 
on three short-styled plants in the Edinburgh Botanic 
Gardens, and not one yielded a single seed; but 
eight of them which were fertilised with pollen from one 
of the other plants of the same form, set two empty 
capsules. He was able to examine only dried speci- 
mens of the long-styled forms. But the evidence seems 
sufficient to leave hardly a doubt that Androsace is 
heterostyled. Fritz Miiller sent me from South Brazil 
dried flowers of a Statice which he believed to be hete- 
rostyled. In the one form the pistil was considerably 
longer and the stamens slightly shorter than the cor- 
responding organs in the other form. But as in the 
shorter-styled form the stigmas reached up to the anthers 

♦ See also Treviranus in * Bot. Zeitung,* 1863, p. 6, on this plant 
being dimorphic. 
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of the same flower, and as I could not detect in the 
dried specimens of the two forms any diflference in their 
stigmas, or in the size of their pollen-grains, I dare not 
rank this plant as heterostyled. From statements made 
by Vaucher I was led to think that Soldanella alpina was 
heterostyled, but it is impossible that Kemer, who has 
closely studied this plant, could have overlooked the 
fact. So again from other statements it appeared prob- 
able that Pyrola might be heterostyled, but H. Mtiller 
examined for me two species in North Germany, and 
found this not to be the case. 
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CHAPTER n. 

Hybrid Pbimulas. 

The Oxlip a hybrid naturally produced between Primula veris and 
vulgaris — ^The differences in structure and function between the 
two parent-species — Effects of crossing long-styled and short-styled 
Oxiips with one another and with the two forms of both parent- 
species — Character of the offspring from Oxlips artificially self- 
fertilised and oross-fertilised in a state of nature — Primula elatior 
shown to be a distinct species — Hybrids between other heterostyled 
species of Primula — Supplementary note on spontaneously produced 
hybrids in the genus Yerbascum. 

The various species of Primula have produced in a 
state of nature throughout Europe an extraordinary- 
number of hybrid forms. For instance, Professor 
Kemer has found no less than twenty-five such forms 
in the Alps.* The frequent occurrence of hybrids in 
this genus no doubt has been favoured by most of the 
species being heterostyled, and consequently requiring 
cross-fertilisation by insects ; yet in some other genera, 
species which are not heterostyled and which in some 
respects appear not well adapted for hybrid-ferti- 
lisation, have likewise been largely hybridised. In 
certain districts of England, the common oxlip — a 
hybrid between the cowslip (P. verts, vel officinalis) 
and the primrose (P. vulgaris, vel acaulis) — is fre- 
quently found, and it occurs occasionally almost every- 



* '* Die Primulaceen-Bastarten/' * BuU. Soc. Bot. de France,' torn. x. 

' Oesterr. Bot. Zeitschritt,* Jahr 1853, p. 178. Also in * Revue des 

1875, Nos. 3, 4, and 5. See also Sciences Nat' 1875, p. 331. 
Godron on hybrid Primulas in 
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where. Owing to the frequency of this intermediate 
hybrid form, and to the existence of the Bardfield 
oxlip (P. elatior), which resembles to a certain extent 
the common oxlip, the claim of the three forms to 
rank as distinct species has been discussed oftener 
and at greater length than that of almost any other 
plant. Linnoeus considered P. veris, vulgaris and 
elatior to be varieties of the same species, as do some 
distinguished botanists at the present day; whilst 
others who have carefully studied these plants do not 
doubt that they are distinct species. The following 
observations prove, I think, that the latter view is 
correct ; and they further show that the common oxlip 
is a hybrid between P. veris and vulgaris. 

The cowslip differs so conspicuously in general ap- 
pearance from the primrose, that nothing need here 
be said with respect to their external characters.* 
But some less obvious differences deserve notice. As 
both species are heterostyled, their complete fertili- 
sation depends on insects. The cowslip is habitually 
visited during the day by the larger humble-bees 
(viz. Bomhus muscorum and hortorum), and at night 
by moths, as I have seen in the case of Cucullia. The 
primrose is never visited (and I speak after many 
years' observation) by the larger humble-bees, and 
only rarely by the smaller kinds; hence its ferti- 
lisation must depend almost exclusively on moths. 
There is nothing in the structure of the flowers of the 
two plants which can determine the visits of such 
widely different insects. But they emit a different 
odour, and perhaps their nectar may have a different 
taste. Both the long-styled and short-styled forms of 



♦ Tho Rev. W. A. Loighton seed, in * Ann. and Mag. of Nat. 
has pointed out certain differences Hist.' 2ud series, voL ii. 1848» 
in the form of tlio capsules and p. 1G4. 
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tke prinirose, when legitimately and naturally ferti- 
lised, yield on an average many more seeds per capsule 
than the cowslip, namely, in the proportion of 100 to 55. 
When illegitimately fertilised they are likewise more 
fertile than the two forms of the cowslip, as shown by 
the larger proportion of their flowers which set cap- 
sules, and by the larger average number of seeds which 
the capsules contain. The difference also between the 
number of seeds produced by the long-styled and short- 
styled flowers of the primrose, when both are illegiti- 
mately fertilised, is greater than that between the 
number produced under similar circumstances by the 
two forms of the cowslip. The long-styled flowers of 
the primrose when protected from the access of all in- 
sects, except such minute ones as Thrips, yield a con- 
siderable number of capsules containing on an average 
19 • 2 seeds per capsule ; whereas 18 plants of the long- 
styled cowslip similarly treated did not yield a single 
seed. 

The primrose, as every one knows, flowers a little 
earlier in the spring than the cowslip, and inhabits 
slightly different stations and districts. The primrose 
generally grows on banks or in woods, whilst the cow- 
slip is found in more open places. The geographical 
range of the two forms is different. Dr. Bromfield re- 
marks * that " the primrose is absent from all the in- 
terior region of northern Europe, where the cowslip is 
indigenous." In Norway, however, both plants range 
to the same degree of north latitude, t 

The cowslip and primrose, when intercrossed, be- 



* * PhytologisV voL iii. p. 694. centre de la France,' 1840, torn. ii. 

t H. Lecoq, * G^ograph. Bot. de p. 376. With respect to the rarity 

TEurope,' torn. viil. 1858, pp. 141, of P. veris in western Scotland, 

144. See also * Ann. and Mag. of see H. C. Watson, ' Cybele Britan- 

Nat. Hist/ ix. 1842, pp. 156, nica/ u. p. 293. 
515. Also Borcau, * Flore du 
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were I may remind the reader that 90 per cent, of the 
flowers of the primrose fertilised legitimately with 
primrose-pollen yielded capsules, containing on an 
average 66 seeds ; and that 54 per cent, of the flowers 
fertilised illegitimately yielded capsules containing on 
an average 35*5 seeds per capsule. The primrose, 
especially the short-styled form, when fertilised by the 
cowslip, is less sterile, as Gartner likewise observed, 
than is the cowslip when fertilised by the primrose. The 
above experiments also show that a cross between the 
same forms of the primrose and cowslip is much more 
sterile than that between different forms of these two 
species. 

The seeds from the several foregoing crosses were 
sown, but none germinated except those from the 
short-styled primrose fertilised with pollen of the 
polyanthus ; and these seeds were the finest of the 
whole lot. I thus raised six plants, and compared 
them with a group of wild oxlips which I had trans- 
planted into my garden. One of these wild oxlips 
produced slightly larger flowers than the others, and 
this one was identical in every character (in foliage, 
flower-peduncle, and flowers) with my six plants, 
excepting that the flowers of the latter were tinged of 
a dingy red colour, from being descended from the 
polyanthus. 

We thus see that the cowslip and primrose can- 
not be crossed either way except with considerable 
difficulty, that they differ conspicuously in external 
appearance, that they differ in various physiological 



iUegitimately with pollen of the 22 • 6 seeds. On the other hand, 

cowslip gave five capsules, contain- the seeds produced by the poly- 

iog on an average 32*4 seeds -, anthus-poUen were much the 

whUst is flowers similarly fertil- finest of the whole lot, and wero 

ised by polyantLus-poUen yielded the only ones which germinated, 
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all cases, when sucli results haye been obtained, the 
unprotected cowslips have been crossed by primroses, 
and the unprotected oxlips by either cowslips or 
primroses ; for in this latter case we might expect, by 
the aid of reversion, which notoriously comes into 
powerful action with hybrids, that the two parent-forms 
in appearance pure, as well as many intermediate gra- 
dations, would be occasionally produced. Nevertheless 
the two following statements offer considerable diffi- 
culty. The Eev, Prof. Henslow* raised from seeds of a 
cowslip growing in his garden, various kinds of oxlips 
and one perfect primrose ; but a statement in the same 
paper perhaps throws light on this anomalous result. 
Prof. Henslow had previously transplanted into his 
garden a cowslip, which completely changed its ap- 
pearance during the following year, and now resembled 
an oxlip. Next year again it changed its character, 
and produced, in addition to the ordinary umbels, a 
few single-flowered scapes, bearing flowers somewhat 
smaller and more deeply coloured than those of the 
common primrose. From what I have myself observed 
with oxlips, I cannot doubt that this plant was an ox- 
lip in a highly variable condition, almost like that of 
the famous Cytisus adami. This presumed oxlip was 
propagated by offsets, which were planted in different 
parts of the garden ; and if Prof. Henslow took by 
mistake seeds from one of these plants, especially if it 
had been crossed by a primrose, the result would be 
quite intelligible. Another case is still more difficult 
to understand : Dr. Herbert t raised, from the seeds of 
a highly cultivated red cowslip, cowslips, oxlips of 
various kinds, and a primrose. This case, if accurately 



♦ Loudon's ' Mag. of Nat. Hiat.* iii. 1830, p. 409. 
t * Transact. Hurt Soc.' iv. p. 19. 
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natural treatment ; but not one of them presented the 
least variation except in size — those in the peat at- 
taining almost gigantic dimensions, and those in the 
clay being much dwarfed. 

I do not, of course, doubt that cowslips exposed 
during several successive generations to changed con- 
ditions would vary, and that this might occasionally 
occur in a state of nature. Moreover, from the law 
of analogical variation, the varieties of any one species 
of Primula would probably in some cases resemble 
other species of the genus. For instance I raised a red 
primrose from seed from a protected plant, and the 
flowers, though still resembling those of the primrose, 
were borne during one season in umbels on a long foot- 
stalk like that of a cowslip. 

With regard to the second class of facts in support 
of the cowslip and primrose being ranked as mere 
varieties, namely, the well-ascertained existence in a 
state of nature of numerous linking forms* :— If it can 
be shown that the common wild oxlip, which is inter- 
mediate in character between the cowslip and prim- 
rose, resembles in sterility and other essential respects 
a hybrid plant, and if it can further be shown that the 
oxlip, though in a high degree sterile, can be fertilised 
by either parent-species, thus giving rise to still finer 
gradational links, then the presence of such linking 
forms in a state of nature ceases to be an argument 
of any weight in favour of the cowslip and primrose 
being varieties, and becomes, in fact, an argument on 
the other side. The hybrid origin of a plant in a 
state of nature can be recognised by four tests : first, 
by its occurrence only where both presumed parent- 



* See an excellent article on in the * Phytologist/ vol. ili n^ 
this subject by Mr. H. 0. Watson 43. 
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were crossed in the course of fonr seasons. I may 
mention, as a mere curiosity, that if any one were to 
raise hybrids between two trimorphic heterostyled 
species, he would have to make 90 distinct unions 
in order to ascertain their fertility in all ways; 
and as he would have to try at least 10 flowers in 
each case, he would be compelled to fertilise 900 
flowers and count their seeds. This would probably 
exhaust the patience of the most patient man. 

Table 14. 
Crosses inter se hetween the two forms cf tJie common Oxlip. 



Illegitimate union. 

Short-styled ox- 
lip, by pollen of 
short-styled oxlip : 
20 flowers fertilised, 
did not produce one 
capsule. 



Legitimate union, \ ^legitimate union. 



ShortHstyled ox- 
lip, by pollen of 
long - styled oxlip : 
10 flowers fertilised, 
did not produce one 
capsule. 



' Long -styled ox- 
lip, by its own 
pollen: 24 flowers 
fertilised, produced 
five capsules, con- 

jtaining 6, 10, 20, 

; 8, and 14 seeds. 

I Average 11*6 



Legitimate union. 

Long -styled ox- 
lip, by pollen of 
short-styled oxlip: 
10 flowers fertilised, 
did not produce one 
capsule. 



Table 15. 

Both forms of the Oxlip crossed with Pollen of both f<yrms of the 

Cowslipf P. veris. 



Illegitimate union. 



Short-styled ox- 
lip, by pollen of 
short - styled cow- 
slip: 18 flowers fer- 
tilised, did not pro- 
dnce one capsule. 



Legitimate union. 

Short-styled ox- 
lip, by pollen of 
long - styled cow- 
slip : 18 flowers 
fertilised, produced 
three capsules, con- 
taining 7, 3, and 3 
wretched seeds, ap- 
parently incapable 
of germination. 



Illegitimate union. 

Long -styled ox- 
lip, by pollen of 
long - styled cow- 
slip : 11 flowers 
fertilised, produced 
one capsule, con- 
taining 13 wretched 
seeds. 



Legitimate union. 



Long -styled ox- 
lip, by pollen of 
short - styled cow- 
slip : 5 flowers 
fertilised, produced 
two capsules, con- 
taining 21 and 28 
very fine seeds. 
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We see in these fire tables the number of capsules 
and of seeds produced, by crossing both forms of the 
oxUp in a legitimate and illegitimate manner with one 
another, and with the two forms of the primrose and 
cowslip. I may premise that the pollen of two of the 
short-styled oxlips consisted of nothing but minute 
aborted whitish cells; but in the third short-styled 
plant about one-fifth of the grains appeared in a sound 
, condition. Hence it is not surprising that neither 
the short-styled nor the long-styled oxlip produced a 
single seed when fertilised with this pollen. Nor did 
the pure cowslips or primroses when illegitimately fer- 
tilised with it ; but when thus legitimately fertilised 
they yielded a few good seeds. The female organs of 
the short-styled oxlips, though greatly deteriorated in 
power, were in a rather better condition than the male 
organs ; for though the short-styled oxlips yielded no 
seed when fertilised by the long-styled oxlips, and 
hardly any when illegitimately fertilised by pure cow- 
slips or primroses, yet when legitimately fertilised by 
these latter species, especially by the long-styled 
primrose, they yielded a moderate supply of good 
seed. 

The long-styled oxlip was more fertile than the 
three short-styled oxlips, and about half its pollen- 
grains appeared sound. It bore no seed when legiti- 
mately fertilised by the short-styled oxlips ; but this 
no doubt was due to the badness of the pollen of 
the latter; for when illegitimately fertilised (Table 
14) by its own pollen it produced some good seeds, 
though much fewer than self-fertilised cowslips or 
primroses would have produced. The long-styled ox- 
lip likewise yielded a very low average of seed, as may 
be seen in the third compartment of the four latter 
tables, when illegitimately fertilised by, and when 
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smaller flowers, of a paler colour, almost like those of 
the primrose ; the scapes were at first single-flowered, 
but later in the season a tall thick scape, bearing many 
flowers, like that of the parent oxlip, was thrown up. 
The third plant likewise produced at first only single- 
flowered scapes, with the flowers rather small and of a 
darker yellow; but it perished early. The second 
plant also died in September; and the first plant, 
though all three grew under very favourable con- 
ditions, looked very sickly. Hence we may infer that 
seedlings from self-fertilised oxlips would hardly be 
able to exist in a state of nature. I was surprised to 
find that all the pollen-grains in the first of these seed- 
ling oxlips appeared sound ; and in the second only a 
moderate number were bad. These two plants, however, 
had not the power of producing a proper number of 
seeds ; for though left uncovered and surrounded by 
pure primroses and cowslips, the capsules were esti- 
mated to include an average of only from fifteen to 
twenty seeds. 

From having many experiments in hand, I did not 
sow the seed obtained by crossing both forms of the 
primrose and cowslip with both forms of the oxlip, 
which I now regret; but I ascertained an interest- 
ing point, namely, the character of the offspring 
from oxlips growing in a state of nature near both 
primroses and cowslips. The oxlips were the same 
plants which, after their seeds had been collected, were 
transplanted and experimented on. From the seeds 
thus obtained eight plants were raised, which, when 
they flowered, might have been mistaken for pure 
primroses ; but on close comparison the eye in the 
centre of the corolla was seen to be of a darker yellow, 
and the peduncles more elongated. As the season ad- 
vanced, one of these plants threw up two naked scapes, 
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hereafter see good reason to believe. The case of 
the oxlip is interesting; for hardly any other in- 
stance is known of a hybrid spontaneously arising 
in such large numbers over so wide an extent of coun- 
try. The common oxlip (not the P. daiior of Jacq.) 
is found almost everywhere throughout England, where 
both cowslips and primroses grow. In some districts, 
as I have seen near Hartfield in Sussex and in parts 
of Surrey, specimens may be found on the borders of 
almost every field and small wood. In other districts 
the oxlip is comparatively rare: near my own resi- 
dence I have found, during the last twenty-five years, 
not more than five or six plants or groups of plants. 
It is difiicult to conjecture what is the cause of this 
difference in their number. It is almost necessary 
that a plant, or several plants belonging to the same 
form, of one parent-species, should grow near the 
opposite form of the other parent-species; and it is 
further necessary that both species should be fre- 
quented by the same kind of insect, no doubt a moth. 
The cause of the rare appearance of the oxlip in 
certain districts may be the rarity of some moth, 
which in other districts habitually visits both the 
primrose and cowslip. 

Finally, as the cowslip and primrose differ in the 
various characters above specified, — as they are in a 
high degree sterile when intercrossed, — as there is no 
trustworthy evidence that either species, when im- 
crossed, has ever given birth to the other species or 
to any intermediate form, — and as the intermediate 
forms which are often found in a state of nature have 
been shown to be more or less sterile hybrids of the 
first or second generation, — we must for the future 
look at the cowslip and primrose as good and true 
species. 
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oxlip is a hybrid between the primrose and cowslip, it 
is not surprising that eight long-styled flowers of the 
primrose, fertilised by pollen from the long-styled 
common oxlip, produced eight capsules (Table 18), 
containing, hpwever, only- a low average of seeds ; 
whilst the same number of flowers of the primrose, 
similarly fertilised by the long-styled Bardfield oxlip, 
produced only a single capsule; this latter plant 
being an altogether distinct species from the primrose. 
Plants of P. datior have been propagated by seed in 
a garden for twenty-five years, and have kept all this 
time quite constant, excepting that in some cases the 
flowers varied a little in size and tint.* Nevertheless, 
according to Mr. H. C. Watson and Dr. Bromfield,t 
plants may be occasionally found in a state of nature, 
in which most of the characters by which this species 
can be distinguished from P. veris and vulgaris fail ; 
but such intermediate forms are probably due to 
hybridisation ; for Kemer states, in the paper before 
referred to, that hybrids sometimes, though rarely, 
arise in the Alps between P. datior and veris. 

Finally, although we may freely admit that Primula 
veriSy Vfdffaris, and daHory as well as all the other 
species of the genus, are descended from a common 
primordial form, yet from the facts above given, we 
must conclude that these three forms are now as fixed 
in character as are many others which are universally 
ranked as true species. Consequently they have as 
good a right to receive distinct specific names as have, 
for instance, the ass, quagga, and zebra. 

Mr. Scott has arrived at some interesting results by 



♦ See Mr. H. Doubleday in the p. 462. 
•Gardener's Chronicle,* 1867, p. t *PhytologisV voL L p. 1001, 

435, also Mr. W. Marshall, ibid, and vol. iii. p. 695. 
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per capsule. So that out of the eight possible unions 
between the two forms of these two species, six 
were utterly barren, and two fairly fertile. We have 
seen also the same sort of extraordinary irregularity in 
the results of my twenty diflferent crosses (Tables 
14 to 18), between the two forms of the oxlip, prim- 
rose, and cowslip. Mr. Scott remarks, with respect 
to the results of his trials, that they are very surprising, 
as they show us that ^' the sexual forms of a species 
manifest in their respective powers for conjunction 
with those of another species, physiological peculiari- 
ties which might well entitle them, by the criterion of 
fertility, to specific distinction." 

Finally, although P. veris and vulgaris^ when crossed 
legitimately^and especially when their hybrid ofispring 
are crossed in this manner with both parent-species, 
were decidedly more fertile, than when crossed in an 
illegitimate manner, and although the legitimate cross 
eflfected by Mr. Scott between P. auricula and hirstUa 
was more fertile, in the ratio of 56 to 42, than the 
illegitimate cross, nevertheless it is very doubtful, 
from the extreme irregularity of the results in the 
various other hybrid crosses made by Mr. Scott, whether 
it can be predicted that two heterostyled species are 
generally more fertile if crossed legitimately {i.e, when 
opposite forms are united) than when crossed illegiti- 
mately. 



Supplementary Note on some wUd hyhrid Verhascunis. 

In an early part of this chapter I remarked that few 
other instances could be given of a hybrid spontane- 
ously arising in such large numbers, and over so wide an 
extent of country, as that of the common oxlip ; but per- 
haps the number of well-ascertained cases of naturally 
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left uncoTered near plants of F. ihapsus and lychnitis ; 
but again it did not produce a single seed. Four 
flowers, however, which were repeatedly fertilised 
with pollen of F. lychnitis, whilst the plant was tem- 
porarily kept under a net, produced four capsules, 
which contained five, one, two, and two seeds ; at the 
same time three flowers were fertilised with pollen of 
F. ihapsusy and these produced two, two, and three 
seeds. To show how unproductive these seven capsules 
were, I may state that a fine capsule from a plant of 
F. thapsua growing close by contained above 700 seeds. 
These facts led me to search the moderately-sized field 
whence my plant had been removed, and I found in it 
many plants of F. thapsus and lychnitis as well as 
thirty-three plants intermediate in character between 
these two species. These thirty -three plants differed 
much from one another. In the branching of the stem 
they more closely resembled F. lychnitis than F. thapsvs, 
but in height the latter species. In the shape of their 
leaves they often closely approached F. lychnitis^ but 
some had leaves extremely woolly on the upper surface 
and decurrent like those of F. ihapsus ; yet the degree 
of wooUiness and of decurrency did not always go 
together. In the petals being flat and remaining 
open, and in the manner in which the anthers of the 
longer stamens were attached to the filaments, these 
plants all took more after F. lychnitis than F. thapsus. 
In the yellow colour of the corolla they all resembled 
the latter species. On the whole, these plants appeared 
to take rather more after F. lychnitis than F. thapsus. 
On the supposition that they were hybrids, it is not an 
anomalous circumstance that they should all have pro- 
duced yellow flowers ; for Gartner crossed white and 
yellow-flowered varieties of Verbascum, and the off*- 
spring thus produced never bore flowers of an inter- 
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off, however often and severely the stem may be struck. 
In this curious property the above-described hybrids 
took after F. thapsus; for I observed, to my surprise, that 
when I pulled off the flower-buds round the flowers 
which I wished to mark with a thread, the slight jar 
invariably caused the corollas to fall off. 

These hybrids are interesting under several points of 
view. First, from the number found in various parts 
of the same moderately-sized field. That they owed their 
origin to insects flying from flower to flower, whilst col- 
lecting pollen, there can be no doubt. Although in- 
sects thus rob the flowers of a most precious substance, 
yet they do great good; for, as I have elsewhere 
shown,* the seedlings of F. thapsus raised from flowers 
fertilised with pollen from another plant, are more 
vigorous than those raised from self-fertilised flowers. 
But in this particular instance the insects did great 
harm, as they led to the production of utterly barren 
plants. Secondly, these hybrids are remarkable from 
differing much from one another in many of their 
characters; for hybrids of the first generation, if 
raised from uncultivated plants, are generally uni- 
form in character. That these hybrids belonged to 
the first generation we may safely conclude, from the 
absolute sterility of all those observed by me in a state 
of nature and of the one plant in my garden, excepting 
when artificially and repeatedly fertilised with pure 
pollen, and then the number of seeds produced was 
extremely small. As these hybrids varied so much, an 
almost perfectly graduated series of forms, connecting 
together the two widely distinct parent-species, could 
easily have been selected. This case, like that of 
the common oxlip, shows that botanists ought to be 



* * The Effects of Cross and Self-fertilisation/ 1876, p. 89. 
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cautious in inferring the specific identity of two forms 
from the presence of intermediate gradations ; nor 
would it be easy in the many cases in which hybrids are 
moderately fertile to detect a slight degree of sterility in 
such plants growing in a state of nature and liable to be 
fertilised by either parent-species. Thirdly and lastly, 
these hybrids offer an excellent illustration of a state- 
ment made by that admirable observer Gartner, namely, 
that although plants which can be crossed with ease 
generally produce fairly fertile offspring, yet well- 
pronounced exceptions to this rule occur ; and here we 
have two species of Verbascum which evidently cross 
with the greatest ease, but produce hybrids which are 
excessively sterile. 
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CHAPTER m. 

HETER06TTLED DiHORPHic Plaktb — Continued. 

Linnm graDdiflormn, long-styled form utterly sterile with own-form 
pollen — Llnum perenne, torsion of the pistils in the long-styled 
form alone — ^Homostyled species of Linum — Pulmonaria ofiSciiialis, 
singular difference in self-fertiJity between the English and German 
long-styled plants — ^Pulmonaria anguiitifolia shown to be a distinct 
species, long-styled form completely self-sterilo — Polygonum fago- 
pyrum — Various other heterostyled genera — Rubiaceas — Mitchella 
repens, fertility of the flowers in pairs— Houstonia — Faramea, 
remarkable difference in the pollen-grains of the two forms ; tor- 
sion of the stamens in the short-styled form alone ; development 
not as yet perfect — The heterostyled structure in the several 
Bubiaceous genera not due to descent in common. 

It has long been known* that several species of 
Linmn present two forms, and having observed this 
fact in L. Jlavum more than thirty years ago, I was 
led, after ascertaining the nature of heterostylism in 
Primula, to exeunine the first species of Linum which 
I met with, namely, the beautiful L. grandifloj^m. 
This plant exists under two forms, occurring in about 
equal numbers, which differ little in structure, but 
greatly in function. The foliage, corolla, stamens, and 
poUen-grains (the latter examined both distended with 
water and dry) are alike in the two forms (Fig. 4). 
The difference is confined to the pistil ; in the short- 
styled form the styles and the stigmas are only about 
half the length of those in the long-styled. A more 



* Treviranus has shown that original paper, '6ot. Zeitung/ 
this is the case in his review of my 18^, p. 189. 
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stigmas. Considering the slight and variable differ- 
ences between the two forms of this Linnm, it is not 
surprising that hitherto they have been overlooked. 

In 1861 I had eleven plants in my garden, eight of 
which were long-styled, and three short-styled. Two 
very fine long-styled plants grew m a bed a hundred 
yards off all the others, and separated from them by a 
screen of evergreens. I marked twelve flowers, and 
placed on their stigmas a little pollen from the short- 
styled plants. The pollen of the two forms is, as 
stated, identical in appearance ; the stigmas of the 
long-styled flowers were already thickly covered with 
their own pollen — ^so thickly that I could not find one 
bare stigma, and it was late in the season, namely, 
September 15th. Altogether, it seemed almost childish 
to expect any result. Nevertheless from my experi- 
ments on Primula, I had faith, and did not hesitate to 
make the trial, but certainly did not anticipate the 
full result which was obtained. The germens of these 
twelve flowers all swelled, and ultimately six fine cap- 
sules (the seed of which germinated on the following 
year) and two poor capsules were produced ; only four 
capsules shanking off. These same two long-styled 
plants produced, in the course of the summer, a 
vast number of flowers, the stigmas of which were 
covered with their own pollen ; but they all proved 
absolutely barren, and their germens did not even 
swell. 

The nine other plants, six long-styled and tliree 
short-styled, grew not very far apart in my flower- 
garden. Four of these long-styled plants produced no 
seed-capsules ; the fifth produced two ; and the remain- 
ing one grew so close to a short-styled plant that 
their branches touched, and this produced twelve cap- 
sules, but they were poor ones. The case was different 
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flower-garden yielded seventeen long-styled and twelve 
short-styled forms. These facts justify the statement 
that the two forms are produced in about equal num^ 
bers. The thirty-four plants of the first lot were kept 
under a net which excluded all insects, except such 
minute ones as Thrips. I fertilised fourteen long-styled 
flowers legitimately with pollen from the short-styled, 
and got eleven fine seed-capsules, which contained on 
an average 8*6 seeds per capsule, but only 5'6 appeared 
to be good. It may be well to state that ten seeds is 
the maximum production for a capsule, and that our 
climate cannot be very favourable to this North- African 
plant. On three occasions the stigmas of nearly a 
hundred flowers were fertilised illegitimately with their 
own-form pollen, taken from separate plants, so as to 
prevent any possible ill effects from close inter-breed- 
ing. Many other flowers were also produced, which, as 
before stated, must have received plenty of their own 
pollen ; yet from all these flowers, borne by the seven- 
teen long-styled plants, only three capsules were pro- 
duced. One of these included no seed, and the other 
two together gave only five good seeds. It is probable 
that this miserable product of two half-fertile capsules 
from the seventeen plants, each of which must have 
produced at least fifty or sixty flowers, resulted from 
their fertilisation with pollen from the short-styled 
plants by the aid of Thrips ; for I made a great 
mistake in keeping the two forms under the same net, 
with their branches often interlocking ; and it is sur- 
prising that a greater number of flowers were not 
accidentally fertilised. 

Twelve short-styled flowers were in this instance 
castrated, and afterwards fertilised legitimately with 
pollen from the long-styled form ; and they produced 
seven fine capsules. These included on an average 
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seed. This confinns my suspicion that some of the 
few capsules produced by the foregoing seventeen 
short-styled plants were the product of accidental 
legitimate fertilisation. Other flowers on the same 
plant were fertilised by Hildebrand with pollen from 
the long-styled form, and all produced fruit.* 

The absolute sterility (judging from the experi- 
ments of 1861) of the long-styled plants with their 
own-form pollen led me to examine into its apparent 
cause; and the results are so curious that they are 
worth giving in detail. The experiments were tried 
on plants grown in pots and brought successively 
into the house. 

Mrsi. Pollen from a short-styled plant was placed 
on the five stigmas of a long-styled flower, and these, 
after thirty hours, were found deeply penetrated by a 
multitude of pollen-tubes, far too numerous to be 
counted ; the stigmas had also become discoloured 
and twisted. I repeated this experiment on another 
flower, and in eighteen hours the stigmas were pene- 
trated by a multitude of long pollen-tubes. This is 
what might have been expected, as the union is a 
legitimate one. The converse experiment was likewise 
tried, and pollen from a long-styled flower was placed 
on the stigmas of a short-styled flower, and in twenty- 
four hours the stigmas were discoloured, twisted, and 
penetrated by numerous pollen-tubes ; and this, again, 
is what might have been expected, as the union was 
a legitimate one. 

Secondly, Pollen from a long-styled flower was placed 
on all five stigmas of a long-styled flower on a separate 
plant : after nineteen hours the stigmas were dissected, 
and only a single pollen-grain had emitted a tube, 
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short-styled flower were penetrated by innumerable 
tubes, which were as yet short, and the stigmas them- 
selyes were not at all discoloured. The three stigmas 
covered with their own-form pollen were not pene- 
trated by a single pollen-tube. 

Ninthly. Put pollen of a short-styled flower on a 
single long-styled stigma, and own-form pollen on the 
other four stigmas; after twenty-four hours the one 
stigma was somewhat discoloured and twisted, and 
penetrated by many long tubes : the other four stigmas 
were quite straight and fresh ; but on dissecting them 
I found that three pollen-grains had protruded very 
short tubes into the tissue. 

Tenthly. Repeated the experiment, with the same 
result after twenty-four hours, excepting that only two 
own-form grains had penetrated the stigmatic tissue 
with their tubes to a very short depth. The one 
stigma, which was deeply penetrated by a multitude 
of tubes from the short-styled pollen, presented a 
conspicuous difference in being much curled, half- 
shrivelled, and discoloured, in comparison with the 
other four straight and bright pink stigmas. 

I could add other experiments ; but those now 
given amply suffice to show that the pollen-grains of 
a short-styled flower placed on the stigma of a long- 
styled flower emit a multitude of tubes after an in- 
terval of from five to six hours, and penetrate the 
tissue ultimately to a great depth; and that after 
twenty-four hours the stigmas thus penetrated change 
colour, become twisted, and appear half-withered. On 
the other hand, pollen-grains from a long-styled flower 
placed on its own stigmas, do not emit their tubes 
after an interval of a day, or even three days ; or at 
most only thr^e or four grains out of a multitude emit 
Iheir tubes, and these apparently never penetrate the 
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shall presently return. Differently from what occurs in 
Xr, ffrandifloruniy the long-styled flowers have stamens 
hardly more than haK the length of those in the short- 
styled. The size of the pollen-grain* is rather variable ; 
after some doubt, I have come to the conclusion that 
there is no uniform difference between the grains in 
the two forms. The long stamens in the short-styled 
form project to some height above the corolla, and 
their filaments are coloured blue apparently from ex- 
posure to the light. The anthers of the longer stamens 
correspond in height with the lower part of the stigmas 
of the long-styled flowers; and the anthers of the 
shorter stamens of the latter correspond in the same 
manner in height with the stigmas of the short-styled 
flowers. 

I raised from seed twenty-six plants, of which twelve 
proved to be long-styled and fourteen short-styled, 
^rhey flowered well, but were not large plants. As I 
did not expect them to flower so soon, I did not trans- 
plant them, and they unfortunately grew with their 
branches closely interlocked. All the plants were 
covered under the same net, excepting one of each 
form. Of the flowers on the long-styled plants, twelve 
were illegitimately fertilised with their own-form pol- 
len, taken in every case from a separate plant ; and not 
one set a seed-capsule : twelve other flowers were legi- 
timately fertilised with pollen from short-styled flowers ; 
and they set nine capsules, each including on an 
average 7 good seeds, ten being the maximum number 
ever produced. Of the flowers on the short-styled 
plants, twelve were illegitimately fertilised with own- 
form pollen, and they yielded one capsule, including 
only 3 good seeds ; twelve other flowers were legiti- 
mately fertilised with pollen from long-styled flowers, 
and these produced nine capsules, but one was bad ; 
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pollen, and about 30 with pollen from another plant 
belonging to the same form, and these 50 flowers did 
not set a single capsule. On the other hand he ferti- 
lised about 30 flowers with pollen from the long-styled 
form, and these, with the exception of two, yielded 
capsules, containing good seeds. 

It is a singular fox^t, in contrast with what occurred 
in the case of i. grandiflorum, that the pollen-grains of 
both forms of L, perenne, when placed on their own- 
form stigmas, emitted their tubes, though this action 
did not lead to the production of seeds. After an 
interval of eighteen hours, the tubes penetrated the 
stigmatic tissue, but to what depth I did not ascertain. 
In this case the impotence of the pollen-grains on their 
own stigmas must have been due either to the tubes 
not reaching the ovules, or to their not acting pro- 
perly after reaching them. 

The plants both of L.perenne and grandijlorwni grew, 
as already stated, with their branches interlocked, and 
with scores of flowers of the two forms close together ; 
they were covered by a rather coarse net, through which 
the wind, when high, passed ; and such minute insects 
as Thrips could not, of course, be excluded ; yet we have 
seen that the utmost possible amount of accidental fer- 
tilisation on seventeen long-styled plants in the one 
case, and on eleven long-styled plants in the other, 
resulted in the production, in each case, of three 
poor capsules; so that when the proper insects are 
excluded, the wind does hardly anything in the way of 
carrying pollen from plant to plant. I allude to this 
fact because botanists, in speaking of the fertilisation 
of various flowers, often refer to the wind or to insects 
as if the alternative were indifferent. This view, ac- 
cording to iliy experience, is entirely erroneous. When 
the wind is the agent in carrying pollen, either from 
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have expanded, the five stigmas twist round so as to 
face the circumference, owing to the torsion of that 
part of the style which lies beneath the stigma. I 
should state that the five stigmas do not always turn 
round completely, two or three sometimes facing 
only obliquely outwards. My observations were made 
during October ; and it is not improbable that earlier 
in the season the torsion would have been more com- 
plete ; for after two or three cold and wet days the 
movement was very imperfectly performed.' The 
flowers should be examined shortly after their ex- 
pansion, as their duration is brief; as soon as they 
begin to wither, the styles become spirally twisted 
all together, the original position of the parts being 
thus lost. 

He who will compare the structure of the whole 
flower in both forms of L. perenne and grandifiorunty 
and, as I may add, of L.Jlavum, will not doubt about 
the meaning of this torsion of the styles in the one 
form alone of L. perenne, as well as the meaning of 
the divergence of the stigmas in the short-styled 
form of all three species. It is absolutely necessary 
as we know, that insects should carry pollen from 
the flowers of the one form reciprocally to those of 
the other. Insects are attracted by five drops of 
nectar, secreted exteriorly at the base of the stamens, 
so that to reach these drops they must insert their 
proboscides outside the ring of broad filaments, be- 
tween them and the petals. In the short-styled form 
of the above three species, the stigmas face the axis of 
the flower ; and had the styles retained their original 
upright and central position, not only would the stig- 
mas have presented their backs to the insects which 
sucked the flowers, but their front and fertile surfaces 
would have been separated from the entering insects 
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expanded than tliat cpf L, grandifionim, and the stigmaa 
of the loBg-9tyled form do not diverge greatly from 
one another; nor do the stamens of either form. 
Hence insects, especially rather small ones, will not 
insert their proboseides bet^reen the stigmas of the 
long-styled form, nor between the anthers of either 
form (Fig. 5), but will strike against them, at nearly 
right angles, with the backs of their head or thorax. 
Now, in the long-styled fiowers, if each stigma did 

Fig. 5. 



Long-atjied farm of L febenhb, var. Avelriacam ia [t> earljr condiUoB 

Mfoie the itigmaa have rotated. The petals and calji hare been 

removed on the near aide.* 

not rotate on its axis, insects in visiting them would 
strike their heads gainst the backs of the stigmas ; as 
it is, they strike against that surface which is covered 
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of this species is nearly twice as long as that of 
the short-styled; the stigmas are longer and the 
papillae coarser. In the short-styled form the stigmas 
diverge and pass out between the filaments, as in the 
previous species. The stamens in the two forms differ 
in length ; and, what is singular, the anthers of the 
longer stamens are not so long as those of the other 
form ; so that in the short-styled form both the stigmas 
and the anthers are shorter than in the long-styled 
form. The pollen-grains of the two forms do not differ 
in size. As this species is propagated by cuttings, 
generally all the plants in the same garden belong to 
the same form. I have inquired, but have never heard 
of its seeding in this country. Certainly my own plants 
never produced a single seed as long as I possessed 
only one of the two forms. After considerable search 
I procured both forms, but from want of time only a few 
experiments were made. Two plants of the two forms 
were planted some way apart in my garden, and were 
not Qovered by nets. Three flowers on the long-styled 
plant were legitimately fertilised with pollen from the 
short-styled plant, and one of them set a fine capsule. 
No other capsules were produced by this plant. Three 
flowers on the short-styled plant were legitimately 
fertilised with pollen from the long-styled, and all 
three produced capsules, containing respectively no 
less than 8, 9, and 10 seeds. Three other flowers on 
this plant, which had not been artificially fertilised, 
produced capsules containing 5, 1, and 5 seeds; and 
it is quite possible that pollen may have been 
brought to them by insects from the long-styled plant 
growing in the same garden. Nevertheless, as they 
did not yield half the number of seeds compared 
with the other flowers on the same plant which had 
been artificially and legitimately fertilised, and as the 
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may be suspected that they are frequented during 
the night by small moths for the sake of the five 
minute drops of nectar secreted. Lastly, L, Lewisii 
is said by Planchon to bear on the same plant flowers 
with stamens and pistils of the same height, and 
others with the pistils either longer or shorter than 
the stamens. This case formerly appeared to me an 
extraordinary one ; but I am now inclined to believe 
that it is one merely of great variability.* 

PULMONARIA (BORAGINE^). 

Pvlmonaria officinalis. — Hildebrand has published t 
a full account of this heterostyled plant. The pistil 
of the long-styled form is twice as long as that of the 
short-styled ; and the stamens differ in a corresponding, 
though converse, manner. There is no marked dif- 
ference in the shape or state of surface of the stigma 
in the two forms. The pollen-grains of the short- 
styled form are to those of the long-styled as 9 to 7, 
or as 100 to 78, in length, and as 7 to 6 in breadth. 
They do not differ in the appearance of their contents. 
The corolla of the one form differs in shape from that 
of the other in nearly the same manner as in Primula ; 
but besides this difference the flowers of the short- 
styted are generally the larger of the two. Hilde- 
brand collected on the Siebengebirge, ten wild long- 
styled and ten short-styled plants. The former bore 
289 flowers, of which 186 (i.e. 64 per cent.) had set 
fruit, yielding 1*88 seed per fruit. The ten short- 
styled plants bore 373 flowers, of which 262 (i.e. 
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other plant of the same genus growing in my garden, 
and the flowers were visited by many bees. They set 
an abundance of seeds : for instance, I gathered from a 
single plant rather less than half of the seeds which it 
had produced, and they numbered 47. Therefore this 
illegitimately fertilised plant must have produced about 
100 seeds ; that is, thrice as many as one of the wild 
long-styled plants collected on the Siebengebirge by 
Hil(jlebrand, and which, no doubt, had been legitimately 
fertilised. In the following year one of my plants 
was covered by a net, and even under these un- 
favourable conditions it produced spontaneously a 
few seeds. It should be observed that as the flowers 
stand either almost horizontally or hang considerably 
downwards, pollen from the short stamens would be 
likely to fall on the stigma. We thus see that the 
English long-styled plants when illegitimately ferti- 
lised were highly fertile, whilst the German plants 
similarly treated by Hildebrand were completely 
sterile. How to account for this wide discordance in 
our results I know not. Hildebrand cultivated his 
plants in pots and kept them for a time in the house, 
whilst mine were grown out of doors ; and he thinks 
that this diflference of treatment may have caused 
the difference in our results. But this does not appear 
to me nearly a sufficient cause, although his plants 
were slightly less productive than the wild ones growing 
on the Siebengebirge. My plants exhibited no ten- 
dency to become equal-styled, so as to lose their proper 
long-styled character, as not rarely happens under 
cultivation with several heterostyled species of Pri- 
mula ; but it would appear that they had been greatly 
affected in function, either by long-continued cultiva- 
tion or by some other cause. We shall see in a 
future chapter that heterostyled plants illegitimately 
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conformity with other important fonctional differences 
between them, immediately to be described. 

The long-styled and short-styled Sowers of P. angvt- 
tif<dia differ from one another in structure in nearly 
the same manner as those of P. officinalis. But in the 
accompanying figure a slight bulging of the corolla 



Long-ityled tbrm. 

PULMDNARll. 

in the long-styled form, where the anthers are seated, 
has been overlooked. My son William, who examined 
a large number of wild plants in the Isle of Wight, 
observed that the corolla, though variable in size, was 
generally larger in the long-styled flowers than in the 
short-styled ; and certainly the largest corollas of all 
wero found on the long-styled plants, and the smallest 
on the short-styled. Exactly the reverse occurs, ac- 
cording to Hildebrand, with P. officinalis. Both the 
pistils and stamens of P. anguslifolia vary much in 
length ; so that in the short-styled form the distance 
between the stigma and the anthers varied from 119 
to 65 divisions of the micrometer, and in the long- 
gtyled &om 115 to 112. From an average of seven 
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bility of all the organs in both forms, we may perhaps 
suspect that the plant is undergoing a change, and 
tending to become dicBcious. 

My son collected in the Isle of Wight on two occa- 
sions 202 plants, of which 125 were long-styled and 
77 short-styled ; so that the former were the more 
numerous. On the other hand, out of 18 plant» raised 
by me from seed, only 4 were long-styled and 14 
short-styled. The short-styled plants seemed to my 
sou to produce a greater number of flowers than the 
long-styled ; and he came to this conclusion before a 
similar statement had been published by Hildebrand 
with respect to P. officinalis. My son gathered ten 
branches from ten different plants of both forms, and 
found the number of flowers of the two forms to be as 
100 to 89, 190 being short-styled and 169 long-styled. 
With P. offidnaJis the difference, according to Hilde- 
brand, is even greater, namely, as 100 flowers for the 
short-styled to 77 for the long-styled plants. The 
following table shows the results of my experi- 



ments : — 



Table 20. 
Pulmonaria angusti/oUa, 



Nature of the Union. 


Number 

of 

Flowers 

fertilised. 


Number 

of 

Fruits 

produced. 


Average 
Number of 

Seeds 
per Fruit. 


Long-styled flowers, by pollen of short-j 
styled. Legitimate union . . . . / 


18 


9 


2-11 


LoDg-styled flowers, by own-form pollen, j 
Illegitimate union / 


18 








Short-styled flowers, by pollen of long-| 
styled. Legitimate union . . . . / 


18 


15 


2-60 


Short-styled flowers, by own-form poUen.'i 
lUc^timate union / 


■ 12 


7 


1-86 



i 



i 
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4, and four other fruits contained each 3 seeds. The 
12 illegitimately fertilised short-styled flowers yielded 
7 fruits, including on an average 1 • 86 seed ; and one 
of these fruits contained the maximum number of 
4 seeds. This result is very surprising in contrast 
with the absolute barrenness of the long-styled flowers 
when illegitimately fertilised ; and I was thus led to 
attend carefully to the degree of self-fertility of the 
short-styled plants. A plant belonging to this form and 
covered by a net bore 28 flowers besides those which 
had been artificially fertilised, and of all these only 
two produced a fruit each including a single seed. This 
high degree of self-sterility no doubt depended merely^ 
on the stigmas not receiving any pollen, or not a suffi- 
cient quantity. For after carefully covering all the 
long-styled plants in my garden, several short-styled 
plants were left exposed to the visits of humble-bees, 
and their stigmas will thus have received plenty of 
short-styled pollen ; and now about half the flowers, 
thus illegitimately fertilised, set fruit. I judge of this 
proportion partly from estimation and partly from 
having examined three large branches, which had borne 
31 flowers, and these produced 16 fruits. Of the fruits 
produced 233 were collected (many being left un- 
gathered), and these included on an average 1*82 
seed. No less than 16 out of the 233 fruits included 
the highest possible number of seeds, namely 4, and 
31 included 3 seeds. So we see how highly fertile 
these short-styled plants were when illegitimately fer- 
tilised with their own-form pollen by the aid of bees. 

The great difference in the fertility of the long and 
short-styled flowers, when both are illegitimately fer- 
tilised, is a unique case, as far as I have observed with 
heterostyled plants. The long-styled flowers when thus 
fertilised are utterly barren, whilst about half of the 
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have stamens somewhat arrested in development, with very 
little pollen in their anthers ; and in such flowers the stigma 
projects above the anthers, whilst generally it stands below and 
sometimes on a level with them. I could detect no difference 
in the size of the pollen-grain or in the structure of the stigma 
in the plants which differed most in the above respects ; and all 
of them, when protected from the access of insects, yielded 
plenty of seeds. Again, from statements made by Vaucher, and 
from a hasty inspection, I thought at first that the allied 
Anchusa arvensis and Echium vulgar e were heterostyled, but soon 
saw my error. From information given me, I examined dried 
flowers of another member of the Boraginese, Amehia hispidis- 
sima, collected from several sites, and though the corolla, to- 
gether with the included organs, differed much in length, there 
was no sign of heterostylism. 

Polygonum fagopykum (PoLYGONACEiE). 

Hildebrand has shown that this plant, the common 
Buck- wheat, is heterostyled.* In the long-styled form 
(Fig. 7), the three stigmas project considerably above 
the eight short stamens, and stand on a level with the 
anthers of the eight long stamens in the short-styled 
form; and so it is conversely with the stigmas and 
stamens of this latter form. I could perceive no differ- 
ence in the structure of the stigmas in the two forms. 
The pollen-grains of the short-styled form are to those 
of the long-styled as 100 to 82 in diameter. This plant 
is therefore without doubt heterostyled. 

I experimented only in an imperfect manner on 
the relative fertility of the two forms. Short-styled 
flowers were dragged several times over two heads 
of flowers on long-styled plants, protected under a net, 
which were thus legitimately, though not fully, ferti- 
lised. They produced 22 seeds, or 11 per flower-head. 

Three flower-heads on long-styled plants received 
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heads yielded on an average 7*50 seeds per head; 
whereas the seven illegitimately fertilised heads 
yielded less than half the number, or on an average 
only 3 • 28 seeds. The legitimately crossed seeds from 
the long-styled flowers were finer than those from the 
illegitimately fertilised flowers on the same plants, in 
the ratio of 100 to 82, as shown by the weights of an 
equal number. 

About a dozen plants, including both forms, were 
protected under nets, and early in the season they pro- 
duced spontaneously hardly any seeds, though at this 
period the artificially fertilised flowers produced an 
abundance ; but it is a remarkable fact that later in 
the season, during September, both forms became 
highly seK-fertile. They did not, however, produce 
so many seeds as some neighbouring uncovered plants 
which were visited by insects. Therefore the flowers 
of neither form when left to fertilise themselves late 
in the season without the aid of insects, are nearly so 
sterile as most other heterostyled plants. A large 
number of insects, namely 41 kinds as observed by H. 
Miiller,* visit the flowers for the sake of the eight 
drops of nectar. He infers from the structure of the 
flowers that insects would be apt to fertilise them both 
illegitimately as well as legitimately ; but he is mis- 
taken in supposing that the long-styled flowers cannot 
spontaneously fertilise themselves. 

Differently to what occurs in the other genera 
hitherto noticed. Polygonum, though a very large 
genus, contains, as far as is at present known, only a 
single heterostyled species, namely the present one. 
H. Miiller in his interesting description of several 
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grains from the shortnstyled flower was to that of twenty-four 
grains from the long-styled, as 100 to 99. The anthers of 
the tipper stamens in the short-styled form appeared to be 
poorly developed, and contained a considerable number of 
shrivelled grains which were omitted in striking the above 
average. Notwithstanding the fact of the pollen-grains from 
the two forms not differing in diameter in any appreciable 
degree, there can hardly be a doubt from the great difference in 
the two forms in the length of the pistil, and especially of the 
stigma, together with its more papillose condition in the short- 
styled form, that the present species is truly heterostyled. This 
case resembles that of Linum grandiflorumj in which the sole 
difference between the two forms consists in the length of the 
pistils and stigmas. From the great length of the tubular 
corolla of Leucosmia, it is clear that the flowers are cross- 
fertilised by large Lepidoptera or by honey-sucking birds, and 
the position of the stamens in two whorls one beneath the 
other, which is a chalracter that I have not seen in any other 
heterostyled dimorphic plant, probably serves to smear the 
inserted organ thoroughly with pollen. 

MeNYANTHES TEIFOLIATA (GENTIANEiE). 

This plant inhabits marshes : my son William gathered 247 
flowers from so many distinct plants, and of these 110 were 
long-styled, and 137 short-styled. The pistil of the long-styled 
form is in length to that of the short-styled in the ratio of about 
3 to 2. The stigma of the former, as my son observed, is deci- 
dedly larger than that of the short-styled ; but in both forms it 
varies much in size. The stamens of the short-styled are almost 
double the length of those of the long-styled; so that their 
anthers stand rather above the level of the stigma of the long- 
styled form. The anthers also vary much in size, but seem 
often to be of larger size in the short-styled flowers. My son 
made with the camera many drawings of the pollen-grains, 
and those from the short-styled flowers were in diameter in 
nearly the ratio of 100 to 84 to those from the long-styled 
flowers. I know nothing about the capacity for fertilisation in 
the two forms ; but short-styled plants, living by themselves in 
the gardens at Kew, have produced an abundance of capsules, 
yet the seeds have never germinated ; and this looks as if tho 
short-styled form was sterile with its own pollen. 
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FOBSTTHIA 8USPEKSA (OlEAOEJB). 

Professor Asa Gray states that the plants of this species grow- 
ing in the Botanio Gardens at Cambridge, U.S., are short-styled, 
but that Siebold and Zuccarini describe the long-styled form, 
and giye figures of two forms; so that there can be little doubt, 
as he remarks, about the plant being dimorphic* I therefore 
applied to Dr. Hooker, who sent me a dried flower from Japan, 
another from China, and another from the Botanio Gardens at 
Kew. The first proved to be long-styled, and the other two 
short-styled. In the long-styled form, the pistil is in length 
to that of the short-styled as 100 to 38, the lobes of the stigma 
being a little longer (as 10 to 9), but narrower and less diver- 
gent. This last character, however, may be only a temporary 
one. There seems to be no difference in the papillose condition 
of the two stigmas. In the short-styled form, the stamens are 
in length to those of the long-styled as 100 to 66, but the anthers 
are shorter in the ratio of 87 to 100 ; and this is unusual, for 
when there is any difference in size between the anthers of the 
two forms, those from the longer stamens of the short-styled are 
generally the longest. The pollen-grains from the short-styled 
flowers are certainly larger, but only in a slight degree, than 
those from the long-styled, namely, as 100 to 94 in diameter. 
The short-styled form, which grows in the Gardens at Kew, has 
never there produced fruit. 

Forsythia viridissima appears likewise to be heterostyled ; for 
Professor Asa Gray says that although the long-styled form 
alone grows in the gardens at Cambridge, U.S., the published 
figures of this species belong to the short-styled form. 

COEDIA [SP.?] (CoRDIAOE-ZB). 

Fritz Miiller sent me dried specimens of this shrub, which he 
believes to be heterostyled; and I have not much doubt that 
this is the case, though the usual characteristic differences are 
not well pronounced in the two forms. Linum grandiflorum 
shows us that a plant may be heterostyled in function in the 
highest degree, and yet the two forms may have stamens of 
equal length, and pollen-grains of equal size. In the present 
0pecies of Cordia, the stamens of both forms are of nearly equal 
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unattached portion being alone measured; but this ratio can- 
not be trusted, owing to the great variability of the stamens. 
The mean diameter of eleven poUen-grains from long-styled 
flowers, and of twelve from the short-styled, was exactly the 
same. It follows from these several statements, that the dif- 
ference in length and state of surface of the stigmas in the 
flowers is the sole reliable evidence that this species is hetero- 
styled; for it would be rash to trust to the difference in the 
length of the pistils, seeing how variable they are. I should 
have left the case altogether doubtful, had it not been for the 
observations on the following species; and these leave little 
doubt on my mind that the present plant is truly heterostyled. 
Professor Gray informs me that in another species, G. coronopi- 
folia, belonging to the same section of the genus, he can see no 
sign of dimorphism. 

GiuA (Leptosiphon) micrantha. 

A few flowers sent me from Kew had been somewhat injured, 
so that I cannot say anything positively with respect to the 
position and relative length of the organs in the two forms. 
But their stigmas differed almost exactly in the same manner as 
in the last species ; the papillaa on the long-styled stigma being 
longer than those on the short-styled, in the ratio of 100 to 42. 
My son measured nine pollen-grains from the long-styled, and 
the same number from the shoi't-styled form; and the mean 
diameter of the former was to that of the latter as 100 to 81. 
Considering this difference, as well as that between the stigmas 
of the two forms, there can be no doubt that this species is 
heterostyled. So probably is OUia nudicauUs, which likewise 
belongs to the Leptosiphon section of the genus, for I hear from 
Professor Asa Gray that in some individuals the style is very 
long, with the stigma more or less exserted, whilst in others it 
is deeply included within the tube ; the anthers being always 
seated in the throat of the corolla. 

Phlox subulata (PoLKMONiACEiE). 

Professor Asa Gray informs me that the greater number of 
the species in this genus have a long pistil, with the stigma 
more or less exserted ; whilst several other species, especially the 
annuals, have a short pistil seated low down within the tube of 
the corolla. Li all the sx)ecies the anthers are arranged one 
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vrhat oppoBed to the present species being hetoroetyled ; as ia 
the gteai difference in the length of the pistil in several short- 
atjled flowers. But the extraordinary Tariability in diameter of 
the poUen-groinB, and the fact that in one set of flovrets the 
grains firom the long-^tyled flowers were larger than those &om 
the shorl^styled, is strongly opposed to the belief that PMox 
lubulala is hetoroetyled. Possibly this species was onc« hetoro- 
styled, but is now becoming snlt-diceciona; the short-styled 
plants haTing been rendered more feminine in nature. This 
would account for their ovaries nsoally containing more ovules, 
and for the variable condition of their pollen'^Tains. Whether 
the long-atyied plants are now changing their nature, as would 
appear to be the case from the variabihty of their pollen-grains, 
and are becoming more maBculine, I will not pretend to con- 
jecture; they might remain as hermaphrodites, for the co- 
esiBtoQce of hermaphrodite and female plants of the same 
specie is by no means a rare event. 

EbYTHBOSILUM [SP. ?] (EBYTHBOXYLIDffl). 

Fritz Miiller sent me from South Brazil dried flowers of this 

tree, together with the accompanying drawings, which show the 

two forme, magnified about five times, vrith the petals removed. 

Fig. 8. 




IiDDg-itfled form. Short-stjieil farm. 

Fnnn ■ sketch bj Fritz Uilllei, magniiied five timM. 

Ebithrostlos [ap. ?]. 
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Cbatoxylon formosum (Hypebicineje). 

Mr. Thiselton Dyer remarks that this tree, an inhabitant of 
Malacca and Borneo, appears to be heterostyled.* He sent me 
dried Howers, and the difference between the two forms is con- 
spicuous. In the longHstyled form the pistils are in length to 
those of the short-styled as 100 to 40, with their globular 
stigmas about twice as thick. These stand just above the numer- 
ous anthers and a little beneath the tips of the petals. In the 
short-styled form the anthers project high above the pistils, the 
stigmas of which diverge between the three bundles of stamens, 
and stand only a little above -the tips of the sepals. The 
stamens in this form are to those of the long-styled as 100 to 86 
in length ; and therefore they do not differ so much in length 
as do ihe pistils. Ten pollen-grains from each form were 
measured, and those from the short-styled were to those from 
the long-styled as 100 to 86 in diameter. This plant, therefore, 
is in all respects a well -characterised heterostyled species. 



iEGIPHILA ELATA (VeEBENACE^). 

Mr. Bentham was so kind as to send me dried flowers of this 
species and of ^. mollis, both inhabitants of South America. 
The two forms differ conspicuously, as the deeply bifid stigma 
of the one, and the anthers of the other project far above the 
mouth of the corolla. In the long-styled form of the present 
sjpecies, the style is twice and a half as long as that of the short- 
styled. The divergent stigmas of the two forms do not differ 
much in length, nor as far as I could perceive in their papillsB. 
In the long-styled flowers the filaments adhere to the corolla 
close up to the anthers, which are enclosed some way down 
within the tube. In the short-styled flowers the filaments are 
free above the point where the anthers are seated in the othe ; 
form, and they project from the corolla to an equal height with 
that of the stigmas in the long-styled flowers. It is oft^n 
difficult to measure with accuracy pollen-grains, which have 
long been dried and then soaked in water; but they here 
manifestly differed greatly in size. Those from the short-styled 
flowers were to those from the long-styled in diameter in 



* Journal uf Botany,* London, 1872, p. 26. 
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EUBIACE^. 

Tiiis great natural family contains a much larger 
number of heterostyled genera than any other one, as 
yet known. 

Mitchdla repens. — Prof. Asa Gray sent me several 
living plants collected when out of flower, and nearly 
half of these proved long-styled, and the other half 
short-styled. The white flowers, which are fragrant 
and which secrete plenty of nectar, always grow in 
pairs with their ovaries united, so that the two together 
produce "a berry-like double drupe."* In my first 
series of experiments (1864) I did not suppose that 
this curious arrangement of the flowers would have any 
influence on their fertility ; and in several instances 
only one of the two flowers in a pair was fertilised ; / 
and a large proportion or all of these failed to produce 
berries. In the ensuing year both flowers of each 
pair were invariably fertilised in the same manner ; 
and the latter experiments alone serve to show the 
proportion of flowers which yield berries, when legiti- 
mately and illegitimately fertilised; but for calcu- 
lating the average number of seeds per berry I have 
used those produced during both seasons. 

In the long-styled flowers the stigma projects just 
above the bearded throat of the corolla, and the 
anthers are seated some way down the tube. In the 
short-styled flowers these organs occupy reversed posi- 
tions. In this latter form the fresh pollen-grains are 
a Kttle larger and more opaque than those of the long- 
styled form. The results of my experiments are given 
in the following table. 



• A. Gray, *Manuiil of the Bot. of the N. United States,' 1856, 
p. 172. 
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1*5 seed. Some additional berries were produced 
which contained no seeds. The plants thus treated were 
therefore excessively sterile, and their sliglit degree of 
fertility may be attributed in part to the action of the 
many individuals of Thrips which haunted the flowers. 
Mr. J. Scott informs me that a single plant (probably 
a long-styled one), growing in the Botanic Gardens at 
Edinburgh, which no doubt was freely visited by in- 
sects, produced plenty of berries, but how many of 
them contained seeds was not observed. 

BORRERIA, NOV. SP. NEAR VALERIANOIDES (liUBIACE^). 

Fritz Miillei? sent me seeds of this plant, which is 
extremely abundant in St. Catharina, in South Brazil ; 
and ten plants were raised, consisting of five long- 
styled and five short-styled. The pistil of the long- 
styled flowers projects just beyond- the mouth of the 
corolla, and is thrice as long as that of the short- 
styled, and the divergent stigmas are likewise rather 
larger. The anthers in the long-styled form stand 
low down within the corolla, and are quite hidden. 
In the short-styled flowers the anthers project just 
above the mouth of the corolla, and the stigma stands 
low down within the tube. Considering the great 
difference in the length of the pistils in the two forms, 
it is remarkable that the pollen-grains differ very little 
in size, and Fritz Miiller was struck with the same 
fact. In a dry state the grains from the short-styled 
flowers could just be perceived to be larger than those 
from the long-styled, and when both were swollen by 
immersion in water, the former were to the latter in 
diameter in the ratio of 100 to 92. In the long-styled 
flowers beaded hairs almost fill up the mouth of the 
corolla and project above it ; they therefore stand 
above the anthers and beneath the stigma. In the 
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the long-styled fom) the pistil projects above the 
corolla, and is almost exactly twice as long as that of 
the short-styled, which is included within the tube. 
The former is divided into two rather short and broad 
stigmas, whilst the short-styled pistil is divided into 
two long, thin, sometimes much curled stigmas. The 
stamens of each form correspond in height or length 
with the pistils of the other form. The anthers of 
the short-styled form are a little larger than those 
of the long-styled ; and their pollen-grains are to 
those of the other form as 100 to 67 in diameter. 
But the pollen-grains of the two forms diflTer in a 
much more remarkable manner, of which no other 

Fig. 9. 






Short-styled form. Long-styled form. 
Oatlines of flowers from dried si)ecimens. Pollen-grains, magnified 180 

times, by Fritz Miiller. 

Faramea [sp. ?]. 

instance is known ; those from the short-styled flowers 
being covered with sharp points ; the smaller ones 
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Stamens of the short-styled form increased in length, 
they gradually acquired the highly beneficial power 
of rotating on their own axes. But he has further 
shown, by the careful examination of many flowers, 
that this power has not as yet been perfected; and, 
consequently, that a certain proportion of the pollen 
is rendered useless, namely, that from the antliers 
which do not rotate properly. It thus appears tliat 
the development of the plant has not as yet been com- 
pleted ; the stamens have indeed acquired their proper 
length, but not their full and perfect power of rotation.* 
The several points of difference in structure between 
the two forms of Faramea are highly remarkable. 
Until within a recent period, if any one had been 
shown two plants which differed in a uniform manner 
in the length of their stamens and pistils, — in the 
form of their stigmas, — in the manner of dehiscence 
and slightly in the size of their anthers, — and to an 
extraordinary degree in the diameter and structure of 
their pollen-grains, he would have declared it impos- 
sible that the two could have belonged to one and the 
same species. 



SuTERiA (species unnamed in the herbarium at Kcw) 

(KUBIAOEiE). 

I owe to the kindness of Fritz Miiller dried flowers of this 
plant from St. Catharina, in Brazil. In the long-styled form the 
stigma stands in the mouth of the corolla, above the anthers, 



• Fritz MuUer gives another 
instance of the want of absolute 
perfection in the flowers of another 
member of the EubiacesB, namely, 
Posoqueria fragrans, which is 
adapted in a most wonderful man- 
ner for cross- fertilisation by the 
agency of moths. (See * Bot. 
Zuitung; 1866, No. 17.) In ac- 



cordance with the nocturnal habits 
of tiiese insects, most of the flowers 
open only during the night ; but 
some open in the day, and the 
pollen of such flowers is robbed, as 
Fritz Miiller has often seen, by 
humble-bees iand other insects, 
wiihout any benefit being thui 
conferred on the plant. 
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The pistil in the long-styled flowers is longer by about a qnarter 
of its lenglii, and the stamens shorter in about the same pro- 
portion, than the corresponding organs in the short-styled 
flowers. In the latter the anthers are longer, and the divergent 
stigmas decidedly longer and apparently thinner than in the 
long-styled form. Owing to the state of the specimens, I could 
not decide whether the stigmatic papillae were longer in the 
one form than in the other. The pollen-grains, distended with 
water, from the short-styled flowers were to those from the long- 
styled as 100 to 78 in diameter, as deduced from the mean of 
ten measurements of each kind. 



HkDYOTIS [SP. ?] (KUBIAOEiE). 

Fritz Muller sent me froin St. Catharina, in Brazil, dried flowers 
of a small delicate species, which grows on wet sand near the 
edges of fresh-water pools. In the long-styled form the stigma 
projects above the corolla, and stands on a level with the pro- 
jecting anthers of the short-styled form; but in the latter the 
stigmas stand rather beneath the level of the anthers in the 
other or long-styled form, these being enclosed within the tube 
of the corolla. The pistil of the long-styled form is nearly thrice 
as long as that of the short-styled, or, speaking strictly, as 
100 to 39; and the papillcB on the stigma of the former are 
broader, in the ratio of 4 to 3, but whether longer than those of 
the short-styled, I could not decide. In the short-styled form> 
the anthers are rather larger, and the pollen-grains are to those 
from the long-styled flowers, as 100 to 88 in diameter. Fritz 
Muller sent me a second, small-sized species, which is likewise 
heterostyled. 

COOOOOTPSELUM [SP. ?] (RUBIACEiE). 

Fritz Miiller also sent me dried flowers of this plant from 
St. Catharina, in Brazil. The exserted stigma of the long-styled 
form stands a little above the level of the exserted anthers of the 
short-styled form; and the enclosed stigma of the latter also 
stands a little above the level of the enclosed anthers in the long- 
styled form. The pistil of the long-styled is about twice as long 
as that of the short-styled, with its two stigmas considerably 
longer, more divergent, and more curled. Fritz Miiller informs 
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styled flowers, after haying been soaked in water, were rather 
larger— in about the ratio of 100 to 91 — than those from the long- 
styled flowers, and they were more triangular, with the angles 
more prominent. As all the grains from the shortnstyled flowers 
were thus characterised, and as they had been left in water for 
three days, I am convinced that this difference in shape in the 
two sets of grains cannot be accounted for by unequal distension 
with water. 

Besides the several Eubiaceous genera already mentioned, 
Fritz Miiller informs me that two or three species of Psychotria 
and Budgea eriantha, natives of St. Catharina, in Brazil, are 
heterostyled, as is Manettia bicolor. I may add that I formerly 
fertilised with their own pollen several flowers on a plant of 
this latter species in my hothouse, but they did not set a single 
fruit. From Wight and Amott's description, there seems to be 
little doubt that Enoxia in India is heterostyled; and Asa Gray 
is convinced that this is the case with Diodia and Spermacoce 
in the United States. Lastly, from Mr. W. W. Bailey's descrip- 
tion,* it appears that the Mexican Bouvardia leiantha is hetero- 
styled. 

Altogether we now know of 17 heterostyled genera 
in the great family of the Eubiaceae; though more 
information is necessary with respect to some of them, 
more especially those mentioned in the last para- 
graph, before we can feel absolutely safe. In the 
* Genera Plantarum,' by Bentham and Hooker, the 
Eubiaceae are divided into 25 tribes, containing 337 
genera; and it deserves notice that the genera now 
known to be heterostyled are not grouped in one or 
two of these tribes, but are distributed in no less than 
eight of them. From this fact we may infer that 
most of the genera have acquired their heterostyled 
structure independently of one another ; that is, they 
have not inherited this structure from some one or 
even two or three progenitors in common. It further 



* * Bull, of the Torrey Bot Club,' 1876, p. 106. 
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deserves notice that in the homostyled genera, as I 
am informed by Professor Asa Gray, the stamens are 
either exserted or are included within the tube of the 
corolla, in a nearly constant manner; so that this 
character, which is not even of specific value in the 
heterostyled species, is often of generic value in other 
members of the family. 
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CHAPTER IV. 

Hetebosttled Tbimobfhio Plants. 

LjUiram salicaria — Description of the three forms — Their power and 
complex manner of fertilising one another — Eighteen different 
imions possible — ^Mid-styled form eminently feminine in nature — 
Lythrum Grsafferi likewise trimorphic — L. thymifolia dimorphic — 
L. hyssopifolia homostyled — Nessea yerticillata trimorphic — Lager- 
stroemia, nature doubtful — Oxalis, trimorphic species of — O. Yaldi- 
yiana — O. Begnelli, the illegitimate unions quite barren — O. spe- 
ciosa — O. sensitiya — Homostyled species of Oxalis — Pontederia, 
the one monocotyledonous genus known to include heterostyled 
species. 

In the previous chapters various heterostyled dimor- 
phic plants have been described, and now we come to 
heterostyled trimorphic plants, or those which present 
three forms. These have been observed in three 
families, and consist of species of Lythrum and of the 
allied genus Nesaea, of Oxalis and Pontederia. In 
their manner of fertilisation these plants offer a more 
remarkable case than can be found in any other plant 
or animal. 

Lythrum salicaria. — The pistil in each form differs 
from that in either of the other forms, and in each 
there are two sets of stamens different in appearance 
and function. But one set of stamens in each form 
corresponds with a set in one of the other two forms. 
Altogether this one species includes three females or 
female organs and three sets of male organs, all as 
distinct from one another as if they belonged to dif- 
ferent species; and if smaller functional differences 



LTTHBUM 8ALICABIA. 
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Diagram of the flowen of the three forms of Lyi&non saliearia, in thrar natural 
position, with the petals and calyi remoTod on the near side : enlai^od six times. 

The dotted lines with the arrows show the diiections in which pollen mnit be 
euried to each stigma to ensure full fertilitj. 
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styled or short-styled forms, 100 of them were placed 
in a good balance, and by the double method of weigh- 
ing were found to equal 121 seeds of the mid-styled or 
142 of the short-styled ; so that five long-styled seeds 
very nearly equal six mid-styled or seven short-styled 
seeds. 

Mid-styled form. — The pistil occupies the position 
represented in the diagram, with its extremity consi- 
derably upturned, but to a variable degree; the 
stigma is seated between the anthers of the longest 
and the shortest stamens. The six longest stamens 
correspond in length with the pistil of the long-styled 
form; their filaments are coloured bright pink; the 
anthers are dark-coloured, but from containing bright- 
green pollen and from their early dehiscence they appear 
emerald-green. Hence in general appearance these 
stamens are remarkably dissimilar from the mid-length 
stamens of the long-styled form. The six shortest sta- 
mens are enclosed within the calyx, and resemble in 
all respects the shortest stamens of the long-styled 
form ; both these sets correspond in length with the 
short pistil of the short-styled form. The green pol- 
len-grains of the longest stamens are 9-10 in dia- 
meter, whilst the yellow grains from the shortest 
stamens are only 6 ; or as 100 to 63. But the pollen- 
grains from different plants appeared to me, in this 
case and others, to be in some degree variable in size. 
The capsules contain on an average 130 seeds; but 
perhaps, as we shall see, this is rather too high an 
average. The seeds themselves, as before remarked, 
are smaller than those of the long-styled form. 

Short-styled form, — The pistil is here very short, not 
one-third of the length of that of the long-styled form. 
It is enclosed within the calyx, which, differently from 
that in the other two forms, does not enclose any an- 
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both sets of Stamens in all three forms is copied from 
H. MuUer; they are arranged in the order of their 
size : — 

Pollen-grains from longest stamens of short-styled form 9} to 10} 

„ „ „ „ mid-styled „ 9 „ 10 

„ „ mid-length stamens of long-styled „ 7 „ 7} 

„ „ „ „ short-styled „ 7 „ 7} 

J, „ shortest stamens of long-styled „ 6 „ 6} 

„ „ „ „ mid-styled „ 6 „ 6 

We here see that the largest pollen-grains come from 
the longest stamens, and the least from the shortest ; 
the extreme difference in diameter between them 
being as 100 to 60. 

The average number of seeds in the three forms was 
ascertained by counting them in eight fine selected 
capsules taken from plants growing wild, and the 
result was, as we have seen, for the long-styled (neg- 
lecting decimals) 93, mid-styled 130, and short-styled 
83. I should not have trusted in these ratios had I 
not possessed a number of plants in my garden which, 
owing to their youth, did not yield the full comple- 
ment of seed, but were of the same age and grew 
under the same conditions, and were freely visited by 
bees. I took six fine capsules from each, and found 
the average to be for the long-styled 80, for the mid- 
styled 97, and for the short-styled 61. Lastly, legiti- 
mate unions effected by me between the three forms 
gave, as may be seen in the following tables, for the 
long-styled an average of 90 seeds, for the mid-styled 
117, and for the short-styled 71. So that we have 
good concurrent evidence of a difference in the average 
production of seed by the three forms. To show that 
the unions effected by me often produced their full 
effect and may be trusted, I may state that one mid- 
styled capsule yielded 151 good seeds, which is the 
same number as in the finest wild capsule which I 
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collected in another spot, he felt sure that the mid- 
styled plants would have been in excess. I several 
times sowed small parcels of seed, and raised all three 
forms ; but I neglected to record the parent-form, 
excepting in one instance, in which I raised from 
short-styled seed twelve plants, of which only one 
turned out long-styled, four mid-styled, and seven 
short-styled. 

Two plants of each form were protected from the 
access of insects during two successive years, and in the 
autumn they yielded very few capsules and presented 
a remarkable contrast with the adjoining uncovered 
plants, which were densely covered with capsules. In 
1863 a protected long-styled plant produced only five 
poor capsules ; two mid-styled plants produced together 
the same number ; and two short-styled plants only a 
single one. These capsules contained very few seeds ; 
yet the plants were fully productive when artificially 
fertilised under the net. In a state of nature the 
flowers are incessantly visited for their nectar by hive- 
and other bees, various Diptera and Lepidoptera.* The 
nectar is secreted all round the base of the ovarium; 
but a passage is formed along the upper and inner 
side of the flower by the lateral deflection (not repre- 
sented in the diagram) of the basal portions of the 
filaments ; so that insects invariably alight on the pro- 
jecting stamens and pistil, and insert their proboscides 
along the upper and inner margin of the corolla. We 
can now see why the ends of the stamens with their 
anthers, and the ends of the pistils with their stigmas. 



* H. MiiUer gives a list of the one bee, the C'dUsa mdanura^ 
species, 'Die Befruchtung der almost confines its visits to thid 
Blumen,' p. 196. It appears that plant. 
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is brought, not into any pathway from the outside 
towards the nectar-secreting recesses of the flower, but 
into the circular route which insects follow in proceed- 
ing from one nectary to the other. In Serophvlaria 
aquatica the pistil is bent downwards from the mouth 
of the corolla, but it thus strikes the pollen-dusted 
breast of the wasps which habitually visit these ill- 
scented flowers. In all these cases we see the supreme 
dominating power of insects on the structure of flowers, 
especially of those which have irregular corollas. 
Flowers which are fertilised by the wind must of 
course be excepted; but I do not know of a single 
instance of an irregular flower which is thus fertilised. 
Another point deserves notice. In each of the three 
forms two sets of stamens correspond in length with 
the pistils in the other two forms. When bees suck the 
flowers, the anthers of the longest stamens, bearing the 
green pollen, are rubbed against the abdomen and the 
inner sides of the hind legs, as is likewise the stigma of 
the long-styled form. The anthers of the mid-length 
stamens and the stigma of the mid-styled form are 
rubbed against the under side of the thorax and be- 
tween the front pair of legs. And, lastly, the anthers 
of the shortest stamens and the stigma of the shorts 
styled form are rubbed against the proboscis and chin ; 
for the bees in sucking the flowers insert only the front 
part of their heads into the flower. On catching bees, 1 
observed much green pollen on the inner sides of the 
hind legs and on the abdomen, and much yellow 
pollen on the under side of the thorax. There was 
also pollen on the chin, and, it may be presumed, on 
the proboscis, but this was difficult to observe. I had, 
however, independent proof that pollen is carried on 
the proboscis ; for a small branch of a protected short- 
styled plant (which produced spontaneously only two 
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longer papillsB or is rougher than that of the mid- 
styled, and the latter than that of the short-styled ; 
but this character, though fixed and uniform in the 
two forms of Primula veris, &c., is here variable, for 
I have seen mid-styled stigmas rougher than those 
of the long-styled.* The degree to which the longest 
and mid-length stamens are graduated in length and 
have their ends upturned is variable ; sometimes all 
are equally long. The colour of the green pollen in 
the longest stamens is variable, being sometimes pale 
greenish-yellow ; in one short-styled plant it was almost 
white. The grains vary a little in size : I examined 
one short-styled plant with the grains above the 
average size ; and I have seen a long-styled plant with 
the grains from the mid-length and shortest anthers Of 
the same size. We here see great variability in many 
important characters ; and if any of these variations 
were of service to the plant, or were correlated with 
useful functional differences, the species is in that 
state in which natural selection might readily do much 
for its modification. 



On the Power of Mutual Fertilisation between tlie three 

Forms. 

Nothing shows more clearly the extraordinary com- 
plexity of the reproductive system of this plant, than 
the necessity of making eighteen distinct unions in 
order to ascertain the relative fertilising power of the 



* The plaDts which I observed and he appears to have found the 
grew in my garden, and probably stigmatic papills differing con- 
varied rather more than those stantly in length and structure in 
growing in a state of nature. H. the three forms, being longest in 
Miiller has described the stigmas the long-styled form, 
of all three forms with great care, 
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posed that I have in any one instance tampered with 
the results. 

A few words explanatory of the three tables must be 
given. Each is devoted to one of the three forms, and 
is divided into six compartments. The two upper ones 
in each table show the number of good seeds resulting 
from the application to the stigma of pollen from the 
two sets of stamens which correspond in length with 
the pistil of that form, and which are borne by the 
other two forms. Such unions are of a legitimate 
nature. The two next lower compartments show the 
result of the application of pollen from the two sets of 
stamens, not corresponding in length with the pistil, 
and which are borne by the other two forms. These 
unions are illegitimate. The two lowest compartments 
show the result of the application of each form's own 
two kinds of pollen from the two sets of stamens be- 
longing to the same form, and which do not equal the 
pistil in length. These unions are likewise illegiti- 
mate. The term own-form pollen here used does not 
mean pollen from the flower to be fertilised — for this 
was never used — ^but from another flower on the same 
plant, or more commonly from a distinct plant of the 
same form. The figure (0) means that no capsule was 
produced, or if a capsule was produced that it contained 
no good seed. In some part of each row of figures in 
each compartment, a short horizontal line may be seen ; 
the unions above this line were made in 1862, and 
below it in 1863. It is of importance to observe this, 
as it shows that the same general result was obtained 
during two successive years ; but more especially be- 
cause 1863 was a very hot and dry season, and the 
plants had occasionally to be watered. This did not pre- 
vent the full complement of seed being produced from 
the more fertile unions ; but it rendered the less fertile 



152 HETEROSTYLED TRIMORPHIC PLANTS. Chap. IV 

ones even more sterile than they otherwise wonld have 
been. I have seen striking instances of this fact in 
making illegitimate and legitimate unions with Pri- 
mula ; and it is well known that the conditions of life 
must be highly favourable to give any chance of suc- 
cess in producing hybrids between species which are 
crossed with dijfficulty. 

Table 2^.— Long-styled Form. 



I. 


II. 


Legitimate union. 


Legitimate union. 


13 flowers fertilised by the longest 
stamens of the mid-styled. These 
stamens equal in length the pistil 
of the long-styled. 


13 flowers fertilised by the longest 
stamens of the short-styled. These 
stamens equal in length the pistil 
of the long-styled. 


Product of good seed in each cap- 
sule. 


Product of good seed in each cap- 
sule. 


36 53 


159 104 


81 


43 119 





96 poor seed. 96 





103 99 





131 





116 


45 




41 


114 


38 per cent, of these flow«rs 


84 per cent, of these flowers 


yielded capsules. Each capsule con- 
tained, on an average, 51 * 2 seeds. 


yielded capsules. Each capsule con- 
tained, on an average, 107*3 seeds. 


IIL 


IV. 


Illegitimate union. 


Illegitimate union. 


14 flowers fertilised by the short- 


12 flowers fertilised by the mid* 


est stamens of the mid-styled. 


length stamens of the short-styled. 


3 


20 























— 


— 












Too sterile for any average. 


Too sterile for any average. 
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Table 23. — Long-styled Form — continued. 



lUegiiimate imton. 

15 flowers fertilised by own-form 
mid-length stamens. 

2 — 

10 

23 











Too sterile for any average. 



VI. 

Illegitimate union. 

15 flowers fertilised by own^form 
shortest stamens. 

4 — 

d 

4 











Too sterile for any average. 



Besides the above experiments, I fertilised a consi- 
derable number of long-styled flowers with pollen, 
taken by a camers-hair brush, from both the mid- 
Jength and shortest stamens of their own form : only 
5 capsules were produced, and these yielded on an 
average 14*5 seeds. In 1863 I tried a much better ex- 
periment: a long-styled plant, was grown by itself, 
miles away jfrom any other plant, so that the flowers 
could have received only their own two kinds of pol- 
len. The flowers were incessantly visited by bees, and 
their stigmas must have received successive applica- 
tions of pollen on the most favourable days and at the 
most favourable hours: all who have crossed plants 
know that this highly favours fertilisation. This plant 
produced an abundant crop of capsules; I took by 
chance 20 capsules, and these contained seeds in 
number as follows : — 



20 


20 


35 


21 


19 


26 


24 


12 


23 


10 


7 


30 


27 


29 


13 


20 


12 


29 


19 


85 
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Table 24. — Mid-styled Form — continued. 



III. 
lUegitimaie union. 
13 Sowers fertilised by the short • 
est stiunens of the long-styled. 

83 12 

19 

A Q. f seeds small 

\ and poor. 

— 





44 
44 
45 








54 per cent, of the flowers yielded 
capsules. Each capsule contained, 
on an average, 47*4 seeds; or, ex- 
cluding capsules with less than 20 
seeds, the average is 60 * 2 seeds. 



V. 

Illegitimate union. 

12 flowers fertilised by own-form 
longest stamens. 



92 

9 

63 

136?* 














Excluding the capsule with 136 
seeds, 25 per cent, of the flowers 
yielded capsules, and each capsule 
contained, on an average, 54* 6 seeds; 
or, excluding capsules with less than 
20 seeds, the average is 77 * 5. 



IV. 
Illegitimate union. 
15 flowers fertilised by the long 
est stamens of the short-styled. 

130 86 

115 113 

14 29 

6 17 

2 113 

9 79 

— 128 

132 

93 per cent, of the flowers yielded 
capsules. Each capsule contained, 
on an average, 69 * 5 seeds ; or, ex- 
cluding capsules with less than 20 
seeds, the average is 102*8. 



VI. 

lUegitimaie union. 

12 flowers fertilised by own-form 
shortest stamens. 





















— 























Not one flower yielded a capsule. 



* I have hardly a doubt that 
this result of 136 seeds in compart- 
ment V. was due to a gross error. 
The flowers to be fertilised by 
their own longest sttxmens were 
first marked by ** white thread," 
and those by the mid-length 
stamens of the long-styled form 
by '* white silk ;" a flower fertilised 
in the later manner would have 

G 'elded about 136 seeds, and it may 
) observed tliat one sucii pod is 



missing, viz. at the bottom of 
compartment L Therefore I have 
hardly any doubt that I fertilised 
a flower marked with ** white 
thread '' as if it had been marked 
with " white silk." With respect 
to the capsule which yielded 92 
seeds, in the same column with 
tliat which yielded 136, I do 
not know what to think. I 
endeavoured to prevent pollen 
dropping from an upper to a lower 
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Table 25. — ShorUstyled Form — continued. 


V. 


VI. 


lUegilimate umofi. 


Illegitimate union. 


10 flowers fertilised by own-form 


10 flowers fertilised by own-furra 


longest stamens. 


mid-length stamens. 





64?* 














— 


— 





21 





9 


Too sterile for any average. 


Too sterile for any average. 



Besides the experiments in the table, I fertilised a 
number of flowers without particular care with their 
own two kinds of pollen, but they did not produce a 
single capsule. 



Summary of the Results. 

• Long-styled form. — Twenty-six flowers fertilised le- 
gitimately by the stamens of corresponding length, 
borne by the mid- and short-styled forms, yielded 61-5 
per cent, of capsules, which contained on an average 
89-7 seeds. 

Twenty-six long-styled flowers fertilised illegiti- 
mately by the other stamens of the mid- and short- 
styled forms yielded only two very poor capsules. 

Thirty long-styled flowers fertilised illegitimately by 
their own-form two sets of stamens yielded only eight 
very poor capsules ; but long-styled flowers fertilised 



* I snspect that by mistake I 
fertilised this flower in compart- 
ment VI. with pollen from the 
shortest stamens of the long-styled 
form, and it would then have 
yielded about 64 seeds. Flowers 



to be thus fertilised were marked 
with black silk ; those with poUen 
from the mid-length stamens of 
the short-styled with black thread ; 
and thus probably the mistake 



arose. 
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by their own stamens yielded only two poor (or per- 
haps three) capsules. 

K we take all six legitimate unions together, and 
all twelve illegitimate unions together, we get the fol- 
lowing results : — 

Table 26. 



Nature of Union. 


Number 

of Flowers 

fertilised. 


Number 

of Capsules 

produced. 


Average 

Number of 

Seeds per 

Capsule. 


Average 
Number of 

Seeds per 
Flower fer- 
tilised. 


The six legitimate 1 
unions • . . . / 


75 


56 


96-29 


71-89 


The twelve illegiti-1 
mate anions . . / 


146 


36 


44*72 


11-03 



Therefore the fertility of the legitimate unions to that 
of the illegitimate, as judged by the proportion of the 
fertilised flowers which yielded capsules, is as 100 to 
33 ; and judged by the average number of seeds per 
capsule, as 100 to 46. 

From this summary and the several foregoing tables 
we see that it is only pollen from the longest stamens 
which can fully fertilise the longest pistil ; only that 
from the mid-length stamens, the mid-length pistil; 
and only that from the shortest stamens, the shortest 
pistil. And now we can comprehend the meaning of 
the almost exact correspondence in length between 
the pistil in each form and a set of six stamens 
in two of the other forms ; for the stigma of each 
form is thus rubbed against that part of the insect's 
body which becomes charged with the proper pollen. 
It is also evident that the stigma of each form, 
fertilised in three different ways with pollen from 
the longest, mid-length, and shortest stamens, is acted 
on very differently, and conversely that the pollen from 

8 
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legitimate fertilisation. But the rule of the increased 
sterility of the illegitimate unions according to the 
greater inequality in length between the pistils and 
stamens employed for the union can be of no service. 
With some heterostyled dimorphic plants the dif- 
ference of fertility between the two illegitimate unions 
appears at first sight to be related to the facility of 
self-fertilisation; so that when from the position of 
the parts the liability in one form to self-fertilisation 
is greater than in the other, a union of this kind 
has been checked by having been rendered the 
more sterile of the two. But this explanation does 
not apply to Lythrum ; thus the stigma of the long- 
styled form is more liable to be illegitimately fer- 
tilised with pollen from its own mid-length stamens, 
or with pollen from the mid-length stamens of the 
short-styled form, than by its own shortest stamens 
or those of the mid-styled form ; yet the two former 
unions, which it might have been expected would 
have been guarded against by increased sterility, 
are much less sterile than the other two unions 
which are much less likely to be effected. The 
same relation holds good even in a more striking 
manner with the mid-styled form, and with the short- 
styled form as far as the extreme sterility of all its 
illegitimate unions allows of any comparison. We 
are led, therefore, to conclude that the rule of in- 
creased sterility in accordance with increased in- 
equality in length between the pistils and stamens, 
is a purposeless result, incidental on those changes 
through which the species has passed in acquiring 
certain characters fitted to ensure the legitimate 
fertilisation of the three forms. 

Another conclusion which may be drawn from 
Tables 23, 24, and 25, even from a glance at them^ 
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sets of longest stamens, we shall find exactly the same 
result, viz. that the pollen from the longest stamens of 
the mid-styled form yielded during both years fewer 
seeds than that jfrom the longest stamens of the , 
short-styled form. Hence it is certain that the two 
kinds of pollen produced by the mid-styled form are 
less potent than the two similar kinds of pollen pro- 
duced by the corresponding stamens of the other two 
forms. 

In close connection with the lesser potency of the 
two kinds of pollen of the mid-styled form is the fact 
that, according to H. Miiller, the grains of both are 
a little less in diameter than the corresponding grains 
produced by the other two forms. Thus the grains 
from the longest stamens of the mid-styled form are 
9 to 10, whilst those from the corresponding stamens 
of the short-styled form are 9^ to 10^ in diameter. 
So, again, the grains from the shortest stamens of the 
mid-styled are 6, whilst those from the corresponding 
stamens of the long-styled are 6 to 6J in diameter. 
It would thus appear as if the male organs of the 
mid-styled form, though not as yet rudimentary, were 
tending in this direction. On the other hand, the 
female organs of this form are in an eminently eflBcient 
state, for the naturally fertilised capsules yielded a 
considerably larger average number of seeds than 
those of the other two forms — almost every flower 
which was artificially fertilised in a legitimate manner 
produced a capsule — and most of the illegitimate 
unions were highly productive. The mid-styled form 
thus appears to be highly feminine in nature ; and al- 
though, as just remarked, it is impossible to consider 
its two well-developed sets of stamens which produce 
an abundance of pollen as being in a rudimentary 
condition, yet we can hardly avoid connecting as 
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Finally, it has now been shown that Lythrum salicaria 
presents the extraordinary case of the same species 
bearing three females, diflferent in structure and func- 
tion, and three or even five sets (if minor diflferences 
are considered) of males ; each set consisting of haK- 
a-dozen, which likewise diflfer from one another in 
structure and function. 

Lythrum Gnefferi, — I have examined numerous dried flowers 
of this species^ each from a separate plant, sent me from Kew. 
Like L, salicaria, it is trimorphic, and the three forms appa- 
rently occur in about equal numbers. In the long-styled form 
the pistil projects about one-third of the length of the calyx 
beyond its mouth, and is therefore relatively much shorter than 
in L, salicaria ; the globose and hirsute stigma is larger than 
that of the other two forms ; the six mid-length stamens, which 
are graduated in length, have their anthers standing close above 
and close beneath the mouth of the calyx; the six shortest 
stamens rise rather above the middle of the calyx. In the mid- 
styled form the stigma projects just above the mouth of the 
calyx, and stands almost on a level with the mid-length stamens 
of the long and short-styled forms; its own longest stamens 
project well above the mouth of the calyx, and stand a little 
above the level of the stigma of the long-styled form. In short, 
without entering on further details, there is a close general 
correspondence in structure between this species and L, salicaria, 
but with some differences in the proportional lengths of the 
parts. The fact of each of the three pistils having two sets of 
stamens of corresponding lengths, borne by the two other forms, 
comes out conspicuously. In the mid-styled form the pollen- 
grains &om the longest stamens are nearly double the diameter 
of those &om the shortest stamens ; so that there is a greater 
difference in this respect than in L, salicaria. In the long- 
styled form, also, the difference in diameter between the pollen- 
grains of the mid-length and shortest stamens is greater than 
in L. salicaria. These comparisons, however, must be received 
with caution, as they were made on specimens soaked in- water 
after having been long kept dry. 

Lythrum thymifolia. — This form, according to Vaucher,* iM 

♦ * Hist. Phys. des Plantcs d'Europe/ torn. it. (1841). pp. 369, 371. 
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We thus see that within this genus some species are hetero- 
styled and trimorphic ; one apparently heterostyled and dimor- 
phic, and one homostyled. 

Nesoea vertidUata. — I raised a number of plants from seed 
sent me by Professor Asa Gray, and they presented three forms. 
These differed from one another in the proportional lengths of 
their organs of fructification and in all respects, in very nearly 
the same way as the three forms of Lythrum GrmffeH. The 
green pollen-grains from the longest stamens, measured along 
their longer axis and not distended with water, were 7JJ5 of an 

inch in length; those from the mid-length stamens ~, and 



8-9 



those from the shortest stamens ^ of an inch. So that the 

largest pollen-grains are to the smallest in diameter as 100 to 
65. This plant inhabits swampy ground in the United States. 
According to Fritz Miiller,* a species of this genus in St. Catha- 
rina, in Southern Brazil, is homostyled. 

Lagerstrcemia Indica, — This plant, a member of the Lythraceae, 
may perhaps be heterostyled, or may formerly have been so. It 
is remarkable from the extreme variability of its stamens. On 
a plant, growing in my hothouse, the flowers included from 
nineteen to twenty-nine short stamens with yellow pollen, 
which correspond in position with the shortest stamens of 
Lythrum; and from one to five (the latter number being the 
commonest) very long stamens, with thick flesh-coloured fila- 
ments and green pollen, corresponding in position with the 
longest stamens of Lythrum. In one flower, two of the long 
stamens produced green, while a third produced yellow pollen, 
although the filaments of all three were thick and flesh-coloured. 
In an anther of another flower, one cell contained green and 
the other yellow pollen. The green and yellow poUen-grains 
from the stamens of different length are of the same size. 
The pistil is a little bowed upwards, with the stigma seated 
between the anthers of the short and long stamens, so that 
this plant was mid-styled. Eight flowers were fertilised witli 
green pollen, and six with yellow pollen, but not one set fruit. 
This latter fact by no means proves that the plant is hetero- 
styled, as it may belong to the class of self-sterile species. 
Another plant growing in the Botanic Grardens at Calcutta, as 
Mr. J. Scott informs me, was long-styled, and it was equally 



♦ * Bot. Zeitung/ 1868, p. 112. 
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OxALis (Geraniace^). 

Ill 1863 Mr. Eoland Trimen wrote to me from the 
Cape of Good Hope that he had there found species of 
Oxalis which presented three forms ; and of these he 
enclosed drawings and dried specimens. Of one species 
he collected 43 flowers from distinct plants, and they 
consisted of 10 long-styled, 12 mid-styled, and 21 
short-styled. Of another species he collected 13 flowers, 
consisting of 3 long-styled, 7 mid-styled, and 3 short- 
styled. In 1866 Prof. Hildebrand proved* by an ex- 
amination of the specimens in several herbaria that 20 
species are certainly heterostyled and trimorphic, and 
51 others almost certainly so. He also made some in- 
teresting observations on living plants belonging to 
one form alone ; for at that time he did not possess 
the three forms of any living species. During the 
years 1864 to 1868 I occasionally experimented on 
Oxalis speciosa, but imtil now have never found time 
to publish the results. In 1871 Hildebrand published 
an admirable paperf in which he shows in the case of 
two species of Oxalis, that the sexual relations of the 
three forms are nearly the same as in Lyihrum soli- 
caria. I will now give an abstract of his observa- 
tions, and afterwards of my own less complete ones. 
I may premise that in all the species seen by me, the 
stigmas of the five straight pistils of the long-styled 
form stand on a level with the anthers of the longest 
stamens in the two other forms. In the mid-styled 



uppermost anthers. The numerous * *Monatsber. der Akad. der 

Btamens are graduated in length, Wiss. Berlin,* 1866, pp. 352, 372. 

and the poUen-grains from the He gives drawings of the three 

longest and shortest ones did not forms at p. 42 of h^ *Geschlechter- 

present any marked difference in Vertheilung,* &o., 1867. 

diameter. Therefore these species f * Bot. Zeitung,* 1871, pp. 416 

do not appear to be heterostyled. and 432. 
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Therefore the extreme diflference in diameter is as 8*5 
to 6, or as 100 to 71. The results of Hildebrand's ex- 
periments are given in the following table, drawn up 
in accordance with my usual plan. He fertilised each 
form with pollen from the two sets of anthers of the 
same flower, and likewise from flowers on distinct 
plants belonging to the same form; but the effects 
of these two closely allied kinds of fertilisation differ 
so little that I have not kept them distinct. 



Table 27. 
Oxalis Vdldiviana (from Ilildehrand), 



Nature of Union. 


Number 

of 

Flowers 

fertilised. 


Nnmber 

of 
Capsules 
produced. 


Number 

of 
Seeds per 
Capeule. 


Long-styled form, by pollen of longest 
stamens of short-styled. Legitimate > 
anion • 


28 


28 


11-9 






Long-styled form, by pollen of longest 
stamens of mid -styled. Legitimate ' 
union 


21 


21 


12-0 






Long-styled form, by pollen of own andj 
own-form mid-length stamens. Ulegiti-J 
mate union j 


40 


2 


6-6 


Long-styled form, by pollen of own and 
own-form shortest stamens. Illegiti-> 
mate union 


26 








Long-styled form, by pollen of shortest) 
stamens of short-styled. Illegitimate) 
union ••] 


16 


1 


1 






Long-styled form, by pollen of shortest) 
stamens of mid-styled. Illegitimate) 
union 


9 
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Table 27—ctmlinued. 
OaalU FaMiviana {from Bildt^and'). 



Chap. IV. OXALIS REGNELLL 173 

We here have the remarkable result that every one 
of 138 legitimately fertilised flowers on the three forms 
yielded capsules, containing on an average 11*33 seeds. 
Whilst of the 255 illegitimately fertilised flowers, only 
6 yielded capsules, which contained 3*83 seeds on an 
average. Therefore the fertility of the six legitimate 
to that of the twelve illegitimate unions, as judged 
by the proportion of flowers that yielded capsules, is 
as 100 to 2, and as judged by the average number of 
seeds per capsule as 100 to 34. It may be added that 
some plants which were protected by nets did not 
spontaneously produce any fruit ; nor did one which 
was left uncovered by itself and was visited by bees. 
On the other hand, scarcely a single flower on some 
uncovered plants of the three forms growing near 
together failed to produce fruit. 

Oxalis RegnellL — This species bears white flowers 
and inhabits Southern Brazil. Hildebrand says that 
the stigma of ^ the long-styled form is somewhat larger 
than that of the mid-styled, and this than that of the 
short-styled. The pistil of the latter is clothed with a 
few hairs, whilst it is very hairy in the other two 
forms. The diameter of the pollen-grains from both 
sets of the longest stamens equals 9 divisions of the 
micrometer, — that from the mid-length stamens of the 
long-styled form between 8 and 9, and of the short- 
styled 8, — and that from the shortest stamens of both 
sets 7. So that the extreme difference in diameter is 
as 9 to 7 or as 100 to 78. The experiments made by 
Hildebrand, which are not so numerous as in the last 
case, are given in Table 28 in the same manner as 
before. 

The results are nearly the same as in the last case, 
but more striking ; for 41 flowers belonging to the 
three forms fertilised legitimately all yielded capsules, 
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Table 28. 
Oxalis RegnelU (Jrom Eildehrand). 



Nature of Union. 


Nnm'i)er 

of 
Flowers 
fertilised. 


Number 

of 
Capsules 
produced. 


Average 

Number of 

Seeds per 

Capsule. 


I.ong-styled form, by pollen of longest sta-'i 
mens of short-styled. Legitimate union/ 


6 


6 


10-1 


Long-styled form, by pollen of longest sta-'l 
mens of mid-styled. Legitimate union / 


5 


5 


10-6 


Long-styled form, by pollen of own mid-) 
length stamens. Illegitimate union . / 


4 








Long-styled form, by pollen of own short-'l 
est stamen. Illegitimate union. . ./ 


1 









Mid-styled form, by pollen of mid-length sta-'l « 
mens of short-styled. Legitimate union/ 


9 


10-4 


M id-styled form, by pollen of mid-length sta-l . q 

mens of long-styled. Legitimate union./ 

1 


10 


10-1 


Mid-styled form, by pollen of own longesfi 
stamens. Illegitimate union . . . / 


9 








Mid-styled form, by pollen of own shortest! 
stamens. Illegitimate union . . ./ 


2 








Mid-styled form, by pollen of longest sta-'l 
mens of short-styled. Illegitimate union/ 


1 









Short-styled form, by pollen of shortest sta-'i 
mens of mid-styled. Legitimate union . f 

Short-styled form, by pollen of shortest sta-^ 
mens of long-styled. Legitimate union . / 

Short-styled form, by pollen of own mid-^ 
length stamens. Illegitimate union ./ 

Short-styled form, by pollen of own long-'i 
est stamens. Illegitimate union . . / 

Short-styled form, by pollen of mid-length j 
stamens of long -styled. Illegitimate! 
union •• 



9 


9 


2 


2 


12 





9 





1 

J* 






10-6 



9-5 
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containing on an average 10 'SI seeds; whilst 39 
flowers fertilised illegitimately did not yield a single 
capsnle or seed. Therefore the fertility of the six 
legitimate to that of the several illegitimate unions, 
as judged both by the proportion of flowers which 
yielded capsules and by the average number of con- 
tained seeds, is as 100 to 0. 

Oxalis speciosa. — This species, which bears pink 
flowers, was introduced from the Cape of Good Hope. 
A sketch of the reproductive organs of the three 
forms (Fig. 11) has already been given. The stigma 
of the long-styled form (with the papilloB on its sur- 
face included) is twice as large as that of the short- 
styled, and that of the mid-styled intermediate in size. 
The pollen-grains from the stamens in the three forms 
are in their longer diameters as follows : — 



From the longest stamens of short-styled. 
„ mid-length ,, ,, 

„ longest stamens of mid-styled . 
„ shortest ,, „ . 

„ mid-length stamens of long-styled 
yf shortest j, ,, . 

Therefore the extreme difference in diameter is as 
16 to 11, or as 100 to 69 ; but as the measurements 
were taken at different times, they are probably only 
approximately accurate. The results of my experiments 
in fertilising the three forms are given in the following 
table. 



Divisions of the 
Micrometer. 

. . 15 to 16 


. . 12 „ 13 
. . 16 


. . - 11 to 12 


. . 14 


. . 12 
1 • • 
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Tablb 29 — continued, 
Oxdlis speciosa. 



Nature of Union. 


Number 

of 

ilowera 

fertilised. 


Number 

of 
Oipsules 
produced. 


Average 

Number of 

Seeds per 

Capsule 


Short-styled form, by pollen of shortest j 
stAinens of mid -styled. Legitimated 
union .•.•....••) 


3 


2 


67 






Short-styled form, by pollen of shortest 
stamens of long -styled. Legitimate 
union 


3 


3 


54 3 






Short-styled form, by pollen of own-form 'i 
longest stamens. Illegitimate union . / 


5 


1 


8 


Short-styled form, by pollen of own-form "i 
mid-length stamens. Illegitimate union/ 


3 








Short-styled form, by both pollens mixed 
together, of own-form longest and mid- 
length stamens. Illegitimate union • 


13 








Short-styled form, by pollen of longest! 
stamens of mid -styled. Illegitimate) 
union 1 


7 












Short-styled form, by pollen of mid-length 
union 


10 


1 


54 







We here see that thirty-six flowers on the three 
forms legitimately fertilised yielded 30 capsules, these 
containing on an average 58*36 seeds. Ninety-five 
flowers illegitimately fertilised yielded 12 capsules, 
containing on an average 28 • 58 seeds. Therefore the 
fertility of the six legitimate to that of the twelve 
illegitimate unions, as judged by the proportion of 
flowers which yielded capsules, is as 100 to 15, and 
judged by the average number of seeds per capsule as 
100 to 49. This plant, in comparison with the two 
South American species previously described, produces 
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which is the same thing, the greater the distance of 
the stigma from the anthers, the pollen of which is 
used for fertilisation, the less fertile is the union, — 
whether judged by the proportion of flowers which 
set capsules, or by the average number of seeds per 
capsule. The rule cannot be explained in this case 
any more than in that of Lythrum, by supposing 
that wherever there is greater liability to seK-fertilisa- 
tion, this is checked by the union being rendered more 
sterile ; for exactly the reverse occurs, the liability to 
self-fertilisation being greatest in the unions between 
the pistils and stamens which approach each other the 
nearest, and these are the more fertile. I may add 
that I also possessed some long-styled plants of this 
species : one was covered by a net, and it set sponta- 
neously a few capsules, though extremely few com- 
pared with those produced by a plant growing by 
itself, but exposed to the visits of bees. 

With most of the species of Oxalis the short-styled 
form seems to be the most sterile of the three forms, 
when these are illegitimately fertilised ; and I will add 
two other cases to those already given. I fertilised 
29 short-styled flowers of 0. compressa with pollen from 
their own two sets of stamens (the pollen-grains of 
which differ in diameter as 100 and 83), and not one 
produced a capsule. I formerly cultivated during 
several years the short-styled form of a species pur- 
chased under the name of 0. Bomi (but I have some 
doubts whether it was rightly named), and fertilised 
many flowers with their own two kinds of pollen, 
which differ in diameter in the usual manner, but 
never got a single seed. On the other hand, Hilde- 
brand says that the short-styled form of 0. Deppei, 
growing by itself, yields plenty of seed ; but it is not 
positively known that this species is heterostyled ; and 
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propagated asexually. It is probable that this kind 
of propagation would be much aided by there being 
no expenditure in the production of seed. 

Oxalis (Biophytum) sensitiva, — This plant is ranked 
by many botanists as a distinct genus. Mr. Thwaites 
sent me a number of flowers preserved in spirits from 
Ceylon, and tliey are clearly trimorphic. The style 
of the long-styled form is clothed with many scattered 
hairs, both simple and glandular ; such hairs are much 
fewer on the style of the mid-styled, and quite ab- 
sent from that of the short-styled form ; so that this 
plant resembles in this respect 0. Valdiviana and 
RegneUL Calling the length of the two lobes of 
the stigma of the long-styled form 100, that of 
the mid-styled is 141, and that of the short-styled 
164. In all other cases, in which the stigma in this 
genus differs in size in the three forms, the diflfer- 
ence is of a reversed nature, the stigma of the long- 
styled being the largest, and that of the short-styled 
the smallest. The diameter of the pollen-grains from 
the longest stamens being represented by 100, those 
from the mid-length stamens are 91, and those from 
the shortest stamens 84 in diameter. This plant is 
remarkable, as we shall see in the last chapter of 
this volume, by producing long-styled, mid-styled, 
and short-styled cleistogamic flowers. 

Honiostyled Species of Oxalis, — Although the majority 
of the species in the large genus Oxalis seem to be 
trimorphic, some are homostyled, that is, exist under 
a single form ; for instance the common 0, aceto^ 
sella, and according to Hildebrand two other widely 
distributed European species, 0. striata and cornicvlata, 
Fritz Miiller also informs me that a similarly consti- 
tuted species is found in St. Catharina, and that it is 
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flowers; and I found that this applied especially to 
those having shorter pistils. It should be remem- 
bered that the flowers hang downwards, so that those 
with short pistils would be the least likely to receive 
their own pollen, unless they were aided in some 
manner. 

Finally, as Hildebrand has remarked, there is no 
evidence that any of the heterostyled species of Oxalis 
are tending towards a dioecious condition, as Zuccarini 
and Lindley inferred from the differences in the re- 
productive organs of the three forms, the meaning of 
which they did not understand. 

PONTEDERIA [SP. ?] (PONTEDERIACEJE.) 

Fritz Miiller found this aquatic plant, which is al- 
lied to the LiliacesB, growing in the greatest profusion 
on the banks of a river in Southern Brazil.* But only 
two forms were found, the flowers of which include 
three long and three short stamens. The pistil of the 
long-styled form, in two dried flowers which were sent 
me, was in length as 100 to 32, and its stigma as 100 
to 80, compared with the same organs in the short- 
styled form. The long-styled stigma projects conside- 
rably above the upper anthers of the same flower, and 
stands on a level with the upper ones of the short-styled 
form. In the latter the stigma is seated beneath both its 
own sets of anthers, and is on a level with the anthers 
of the shorter stamens in the long-styled form. The 
anthers of the longer stamens of the short-styled form 
are to those of the shorter stamens of the long-styled 
form as 100 to 88 in length. The pollen-grains distended 



m (t 



Ueber den TrimorphiBmns Zeitschrift,* &c., Band 6, ISTlf 
der Pontederien " ; *Jenaisohe p. 74. 
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tends towards violet, and no other such case is known. 
Lastly, the three longer stamens alternate with the 
three shorter ones, whereas in Lythrum and Oxalis 
the long and short stamens belong to distinct whorls. 
With respect to the absence of the mid-styled form in 
the case of the Pontederia which grows wild in Southern 
Brazil, this would probably follow if only two forms 
had been originally introduced there ; for, as we shall 
hereafter see from the observations of Hildebrand, 
Fritz Muller and myself, when one form of Oxalis is 
fertilised exclusively by either of the other two forms, 
the offspring generally belong to the two parent- 
forms. 

Fritz Muller has recently discovered, as he informs 
me, a third species of Pontederia, with all three forms 
growing together in pools in the interior of S. Brazil ; 
so that no shadow of doubt can any longer remain 
about this genus including trimorphic species. He 
sent me dried flowers of all three forms. In the long- 
styled form the stigma stands a little above the tips of 
the petals, and on a level with the anthers of the 
longest stamens in the other two forms. The pistil is 
in length to that of the mid-styled as 100 to 56, and 
to that of the short-styled as 100 to 16. Its summit is 
rectangularly bent upwards, and the stigma is rather 
broader than ih^t of the mid-styled, and broader in 
about the ratio of 7 to 4 than that of the short-styled. 
In the mid-styled form, the stigma is placed rather 
above the middle of the corolla, and nearly on a level 
with the mid-length stamens in the other two forms ; 
its summit is a little bent upwards. In the short- 
styled form the pistil is, as we have seen, very short, 
and differs from that in the other two forms in being 
straight. It stands rather beneath the level of the 
anthers of the shortest stamens in the long-styled and 
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in both sets of anthers in the short-styled form being 
smaller than those from the corresponding anthers in 
the other two forms ; and here we have a case parallel 
with that of the mid-styled form of Lythrum scUicaria. 
In this latter plant the pollen-grains of the mid-styled 
forms are of smaller size and have less fertilising power 
than the corresponding ones in the other two forms ; 
whilst the ovarium, however fertilised, yields a greater 
number of seeds ; so that the mid-styled form is alto- 
gether more feminine in nature than the other two 
forms. In the case of Pontederia, the ovarium in- 
cludes only a single ovule, and what the meaning of 
the difference in size between the pollen-grains from 
the corresponding sets of anthers may be, I will not 
pretend to conjecture. 

The clear evidence that the species just described is 
heterostyled and trimorphic is the more valuable as 
there is some doubt with respect to P. cordata, an in- 
habitant of the United States. Mr. Leggett suspects* 
that it is either dimorphic or trimorphic, for the 
pollen-grains of the longer stamens are "more than 
twice the diameter or than eight times the mass of 
the grains of the shorter stamens. Though minute, 
these smaller grains seem as perfect as the larger 
ones." On the other hand, he says that in all the 
mature flowers, "the style was as long at least as 
the longer stamens;" "whilst in the young flowers 
it was intermediate in length between the two sets of 
stamens ;" and if this be so, the species can hardly be 
heterostyled. 



• < 
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Used legitimately in two ways and illegitimately in 
four ways. The same holds good with respect to the 
mid-6tyled and short-styled forms. Therefore with 
trimorphic species six of the eighteen unions yield 
legitimate offspring, and twelve yield illegitimate 
offspring. 

I will give the results of my experiments in detail, 
partly because the observations are extremely trouble- 
some, and will not probably soon be repeated — thus, I 
was compelled to count under the microscope above 
20,000 seeds of Lythrum salicaria — but chiefly because 
light is thus indirectly thrown on the important sub- 
ject of hybridism. 

Lythrum salicaria. 

Of the twelve illegitimate unions two were com- 
pletely barren, so that no seeds were obtained, and of 
course no seedlings could be raised. Seedlings were, 
however raised from seven of the ten remaining il- 
legitimate unions. Such illegitimate seedlings when 
in flower were generally allowed to be freely and 
legitimately fertilised, through the agency of bees, by 
other illegitimate plants belonging to the two other 
forms growing close by. This is the fairest plan, and 
was usually followed; but in several cases (which 
will always be stated) illegitimate plants were ferti- 
lised with pollen taken from legitimate plants be- 
longing to the other two forms ; and this, as might 
have been expected, increased their fertility. Lythrum 
salicaria is much affected in its fertility by the nature 
of the season ; and to avoid error from this source, 
as far as possible, my observations were continued 
during several years. Some few experiments were 
tried in 1863. The summer of 1864 was too hot and 
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contained on an average 44*2 seeds; whereas the 
capsules on legitimate long-styled plants, legitimately 
and naturally fertilised by other legitimate plants, 
contained on an average 93 seeds. Therefore this 
illegitimate plant yielded only 47 per cent, of the 
full and normal complement of seeds. 

Standard Number of Seeds produced by Lpgitimate Plants 
of the three Forms, wlien legitimately fertilised. 

Long-styled form : average number of seeds in each 
capsule, 93 ; maximum number observed out of twenty- 
three capsules, 159. 

Mid-styled form: average number of seeds, 130; 
maximum number observed out of thirty-one capsules, 
151. 

Short-styled form : average number of seeds, 83 * 5 ; 
but we may, for the sake of brevity, say 83 ; maximum 
number observed out of twenty-five capsules, 112. 

Classes I. and II. Illegitimate Plants raised from 
Long-styled Parents fertilised with pollen from the 
mid-length or tlie shortest stamens of other plants of 
the same form. 

From this union I raised at different times three 
lots of illegitimate seedlings, amounting altogether to 
66 plants. I must premise that, from not foreseeing 
the result, I did not keep a memorandum whether the 
eight plants of the first lot were the product of the 
mid-length or shortest stamens of the same form ; but 
I have good reason to believe that they were the pro- 
duct of the latter. These eight plants were much more 
dwarfed, and much more sterile than those in the other 
two lots. The latter were raised from a long-styled 
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matter, without any good pollen-grains, and they never 
shed their contents ; they were in the state designated 
by Gartner * as contabescent, which term I will for the 
future use. In one flower all the anthers were conta- 
bescent excepting two which appeared to the naked 
eye sound ; but under the microscope about two-thirds 
of the pollen-grains were seen to be small and shrivelled. 
In another plant, in which all the anthers appeared 
sound, many of the pollen-grains were shrivelled and 
of unequal sizes. I counted the seeds produced by 
seven plants (1 to 7) in the first lot of eight plants, 
probably the product of parents fertilised by their 
own-form shortest stamens, and the seeds produced by 
three plants in the other two lots, almost certainly the 
product of parents fertilised by their own-form mid- 
length stamens. 

Plant 1. This long-styled plant was allowed during 1863 to 
be freely and legitimately fertilised by an adjoining illegitimate 
mid-styled plant, but it did not yield a single seed-capsule. It 
was then removed and planted in a remote place close to a 
brother long-styled plant No. 2, so that it must have been freely 
though illegitimately fertilised; under these circumstances it 
did not yield during 1864 and 1865 a single capsule. I should 
here state that a legitimate or ordinary long-styled plant, when 
growing isolated, and freely though illegitimately fertilised by 
insects with its own pollen, yielded an immense number of 
capsules, which contained on an average 21*5 seeds. 

Plant 2. This long-styled plant, after flowering during 1863 
close to an illegitimate mid-styled plant, produced less than 
twenty capsxQes, which contained on an average between four 
and five seeds. When subsequently growing in company with 
Na 1, by which it will have been illegitimately fertilised, it 
yielded in 1866 not a single cai)sule, but in 1865 it yielded 
twenty-two cai)sules : the best of these, fifteen in number, were 
examined ; eight contained no seed, and the remaining seven 
contained on an average only three seeds, and these seeds were 
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Plant 8. This plant was allowed to be freely fertilised in 1864 
by legitimate and illegitimate plants of the other two forms, 
and ten capsules yielded on an average 41*1 seeds, with a 
ynaTiTnnm of 73 and a minimum of 11. Hence this plant pro- 
duced only 44 per cent, of the full complement of seeds. 

Flant 9. This long-styled plant was allowed in 1865 to bo 
freely fertilised by illegitimate plants of the other two forms, 
most of which were moderately fertile. Fifteen capsules yielded 
on an average 57 * 1 seeds, with a maximum of 86 and a minimum 
of 23. Hence the plant yielded 61 per cent, of the full comple- 
ment of seeds. 

Flant 10 This long-styled plant was freely fertilised at the 
same time and in the same manner as the last. Ten capsules 
yielded an average of 44*2 seeds, with a maximum of 69 and a 
minimum of 25; hence this plant yielded 47 per cent, of the 
full complement of seeds. 

The nineteen long-styled plants of the third lot, of 
the same parentage as the last lot, were treated dif- 
ferently ; for they flowered during 1867 by themselves 
so that they must have been illegitimately fertilised 
by one another. It has already been stated that a 
legitimate long-styled plant, growing by itself and 
visited by insects, yielded an average of 21 • 5 seeds 
per capsule, with a maximum of 35; but, to judge 
fairly of its fertility, it ought to have been observed 
during successive seasons. We may also infer from 
analogy that, if several legitimate long-styled plants 
were to fertilise one another, the average number of 
seeds would be increased; but how much increased 
I do not know ; hence I have no perfectly fair standard 
of comparison by which to judge of the fertility of the 
three following plants of the present lot, the seeds of 
which I counted. 

Plant 11. This long-styled plant produced a large crop of 
capsules, and in this respect was one of the most fertile of 
the whole lot of nineteen plants. But the average &om ten 
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the same year, yielded an average, from fifteen capsules, of 27 
seeds, with a maximum of 49 and a minimum of 7. But two 
poor capsules may be rejected, and then the average rises to 
32*6, with the same maximum of 49 and a minimum of 20 ; so 
that this plant attained 38 per cent, of the normal standard of 
fertility, and was rather more fertile than the last, yet many of 
the anthers were contabescent. 

Plant 16. This short-styled plant, treated like the two last, 
yielded from ten capsules an average of 77*8 seeds, with a 
maximum of 97 and a miTiiTTium of 60; so that this plant 
produced 94 per c^nt. of the full number of seeds. 

riant 17. This, the one long -styled plant of the same parent- 
age as the last three plants, when freely and legitimately ferti- 
lised in the same manner as the last, yielded an average from 
ten capsules of 76 * 3 rather poor seeds, with a maximum of 88 
and a minimum of 57. Hence this plant produced 82 per cent, 
of the proper number of seeds. Twelve flowers enclosed in a 
net were artificially and legitimately fertilised with pollen from 
a legitimate short-styled plant ; and nine capsules yielded an 
average of 82 * 5 seeds, with a maximum of 98 and a minimum 
of 51; so that its fertility was increased by the action of 
pollen from a legitimate plant, but still did not reach the normal 
standard. 

Class IV. Illegitimate Plants raised from a Mid-styled 
Parent fertilised with pollen from own-form longest 
stamens. 

After two trials, I succeeded in raising only jjpur 
plants from this illegitimate union. These proved to 
be three mid-styled and one long-styled ; but from so 
small a number we can hardly judge of the tendency 
in mid-styled plants when self-fertilised to reproduce 
the same form. These four plants never attained their 
full and normal height; the long-styled plant had 
several of its anthers contabescent. 

Plant 18. This mid-styled plant, when freely and legitimately 
fertilised during 1865 by illegitimate plants descended from 
self-fertilised long-, short-, and mid-styled plants, yielded an 
average from ten capsules of 102*6 seeds, with a maximum of 
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styled, but not one short-styled. None of these plants 
were in the least dwarfed. I examined, during the 
highly favourable season of 1866, the pollen of four 
plants : in one mid-styled plant, some of the anthers of 
the longest stamens were contabescent, but the pollen- 
grains in the other anthers were mostly sound, as 
they were in all the anthers of the shortest stamens ; 
in two other mid-styled and in one long-styled plant 
many of the pollen-grains were small and shrivelled ; 
and in the latter plant as many as a fifth or sixth part 
appeared to be in this state. I counted the seeds in 
five plants (Nos. 26 to 30), of which two were mode- 
rately sterile and three fully fertile. 

Plant 26. This mid-styled plant was freely and legitimately 
fertilised, during the rather unfavonrable year 1864, by numer- 
ous surrounding legitimate and illegitimate plants. It yielded 
an average, from ten capsules, of 83*5 seeds, with a maximum 
of 110 and a minimum of 64, thus attaining 64 per cent, of the 
normal fertility. During the highly favourable year 1866, it 
was freely and legitimately fertilised by illegitimate plants 
belonging to the present Class and to Class V., and yielded 
an average, from eight capsules, of 86 seeds, with a maximum 
of 109 and a minimum of 61, and thus attained 66 per cent, 
of the normal fertility. This was the plant with some of the 
anthers of the longest stamens contabescent as above mentioned. 

Plant 27. This mid-styled plant, fertilised during 1864 in the 
same manner as the last, yielded an average, from ten capsules, 
of 99*4 seeds, with a maximum of 122 and a TniniTn Tim of 53, 
thus attaining to 76 per cent, of the normal fertility. If the 
season had been more favourable, its fertility woxdd probably 
have been somewhat greater, but, judging from the last experi- 
ment, only in a slight degree. 

Plant 28. This mid-styled plant, when legitimately fertilised 
during the favourable season of 1866, in the manner described 
under No. 26, yielded an average, from eight capsules, of 89 
seeds, with a maximum of 119 and a minimum of 69, thus pro- 
ducing 68 per cent, of the full number of seeds. In the pollen 
of both sets of anthers, nearly as many grains were small and 
shrivelled as sound. 
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Plant 29. 'This long-styled plant was legitimately fertiUsed 
during the nnfayoorable season of 1864, in the manner desciibed 
imder No. 26, and yielded an average, from ten capsules, of 
84 '6 seeds, with a maximum of 132 and a minimum of 47, thus 
attaining to 91 per cent, of the nonnal fertility. During the 
highly favourable season of 1866, when fertilised in the manner 
described imder No. 26, it yielded an average, from nine cap- 
sules (one poor capsule having been excluded), of 100 seeds, 
with a maximum of 121 and a minimum of 77. This plant thus 
exceeded the normal standard, and produced 107 per cent, of 
seeds. In both sets of anthers there were a good many bad and 
shiivelled pollen-grains, but not so many as in the last-described 
plant. 

Plant 30. This long-styled plant was legitimately fertilised 
during 1866 in the manner described under No. 26, and yielded 
an average, from eight capsules, of 94 seeds, with a maximum 
of 106 and a minimum of 66 ; so that it exceeded the normal 
standard, yielding 101 per cent, of seeds. 

Plant 31. Some flowers on this long-styled plant were arti- 
ficially and legitimately fertilised by one of its brother illegiti- 
mate mid-styled plants ; and five capsules yielded an average of 
90*6 seeds, with a maximum of 97 and a minimum of 79. 
Hence, as far as can he judged from so few capsules, this plant 
attained, under these favourable circimistances, 98 per cent, of 
the normal standard. 



Class VII. Illegitimate Plants raised from Mid-styled 
Parents fertilised with pollen from the longest stamens 
of the short-styled form. 

It was shown in the last chapter that the union from 
which these illegitimate plants were raised is far more 
fertile than any other illegitimate union ; for the mid- 
styled parent, when thus fertilised, yielded an average 
(all very poor capsules being excluded) of 102*8 seeds, 
with a maximum of 130 ; and the seedlings in the 
present class likewise have their fertility not at all 
lessened. Forty plants were raised ; and these attained 
their full height and were covered with seed-capsules. 
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Nor did I observe any contabescent anthers. It de- 
serves, also, particular notice that these plants, differ- 
ently from what occurred in any of the previous classes, 
consisted of all three forms, namely, eighteen short- 
styled, fourteen long-styled, and eight mid-styled 
plants. As these plants were so fertile, I counted the 
seeds only in the two following cases. 

Plant 32. This mid-styled plant was freely and legitimately 
fertilised during the unfavourable year of 1864, by numerous 
surrounding legitimate and illegitimate plants. Eight cap- 
sules yielded an average of 127*2 seeds, with a maximum of 144 
and a minimnm of 96 ; so that this plant attained 98 per cent, 
of the normal standard. 

Plant 33. This short-styled plant was fertilised in the same 
manner and at the same time with the last ; and ten capsules 
yielded an average of 113*9, with a maximum of 137 and a 
minimum of 90. Hence this plant produced no less than 137 
per cent, of seeds in comparison with the normal standard. 

Conduding Bemarhs on the Illegitimate Offspring of the 
three forms of Lythrum salicaria. 

From the three forms occurring in approximately 
equal numbers in a state of nature, and from the re- 
sults of sewing seed naturally produced, there is reason 
to believe that each form, when legitimately fertilised, 
reproduces all three forms in about equal numbers. 
Now, we have seen (and the fact is a very singular 
one) that the fifty-six plants produced from the 
long-styled form, illegitimately fertilised with pollen 
from the same form (Class I. and II.), were all long- 
styled. The short-styled form, when self-fertilised 
(Class III.), produced eight short-styled and one long- 
Btyled plant; and the mid-styled form, similarly treated 
(Class IV.), produced three mid-styled and one long- 
styled offspring ; so that these two forms, when ille- 
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Table 30. 

Tabulated results of the fertility of the foregoing illegitimate 
plants, when legitimately fertilised, generally by illegitimate 
plants, as described under each experiment. Plants 11, 12 
and 13 are excluded, as they were illegitimately fertilised. 

Normal Standard if Fertility of the three forms, when legitimately 

and naturally fertilised. 



Form. 



Long-styled . 
Mid-styled . 
Short-styled 



Average 

Number of 

Seeds per 

Capsule. 



93 
130 
83-5 



Maximum 

Number in 

any one 

Capsule. 



Minimum Number iu any 
one Capsule. 



159 
151 
112 



No record was kept, as 
all very poor capsules 
were rejected. 



Class I. and II. — Illegitimate Plants raised from Long- styled 
Parents fertilistd with poll n from own-form mid-length or 
shortest stamens. 













Average Num- 






Average 


Maximum 


Minimum 


ber of Seeds. 


Number of Plant. 


Form. 


Number of 


Number in 


Number in 


expressed as 






Seeds per 


anyone 


any one 


the percentage 






Capsule. 


Capsule. 


Capsule. 


of the Normal 
Stdudard. 


Plant 1 . . 


Long-styled 














« 2. . 


» 


4-5 


? 





5 


» 3 . , 


n 


4-5 


? 





5 


„ 4 . . 


» 


4-5 


? 





5 


» 5 . . 


yt 


or 1 


2 





Oor 1 


» 6 . . 


99 














,, 7 . . 


if 


36-1 


47 


22 


39 


,, 8 . . 


» 


41-1 


73 


11 


44 


„ 9 . . 


19 


571 


86 


23 


61 


„ 10 . . 


» 


44-2 


69 


25 


47 



Class HI. — Illegitimate Plants raised from Short-styled Parents 
fertilised tuith pollen from own-form shortest stamens. 



Plant 14 . . 


Short-styled 


28-3 


51 


11 


33 


„ 15 , • 


}) 


32-6 


49 


20 


38 


„ 16 . 


»» 


77-8 


97 


60 


94 


w 17 . . 


Long-styled 


76-3 


88 


57 


82 
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Table 30 — continued. 

Class TV. — Illegitimate Plants raised from Mid-styled Parents 
fertilised with pollen from own-form longest stamefis. 



Number of Plant. 



Plant 18 
19 
20 






Form. 



Mid-styled. 
Long-styled 



Average 

Number of 

Seeds per 

Capsule. 


Maximum 

Number In 

anyone 

Capsule. 


Minimum 

Number in 

any one 

Capsule. 


102-6 
73-4 
69-6 


131 
87 
83 


63 
64 
52 



A vratige Num- 
ber of Seedi^ 
expressed as 
tbe percentage 
of the Normal 
Standard. 



80 
56 
75 



Class V. — Illegitimate Plants raised from Short-styled Parents 
fertilised with pollen from the mid-length stamens of the long^ 
styled form. 



Plant 21 
« 22 
„ 23 
„ 24 
„ 25 



Short-styled 



n 



Long-styled 



»i 



43-0 


63 


26 


100-5 


123 


86 


113-5 


123 


93 


82-0 


120 


67 


122-5 


149 


84 



52 
121 
136 

88 
131 



Class VI. — Illegitimate Plants raised from Mid-styled Parents 
fertilised with pollen from the shortest stamens of the long- 
styled form. 



Plant 26 . . 


Mid-styled . 


86-0 


109 


61 


66 


„ 27 . . 


n 


99-4 


122 


63 


76 


„ 28 . . 


»> 


89-0 


119 


69 


68 


„ 29 . . 


Long-styled 


100-0 


121 


77 


107 


„ 30 . . 


» 


94-0 


106 


QQ 


101 


„ 31 . . 


>i 


90-6 


97 


79 


98 



Class VH. — Illegitimate Plants raised from Mid^styled Parents 
fertilised with pollen from the longest stamens of the short* 
styledform. 



Plant 32 
„ 33 



Mid-styled. 
Short-styled 



127-2 
113-9 



144 
137 



96 

90 



98 
137 
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The lessened fertility of most of these illegitimate 
plants is in many respects a highly remarkable phe- 
nomenon. Thirty-three plants in the seven classes 
were subjected to various trials, and the seeds care- 
fully counted. Some of them were artificially ferti- 
lised, but the far greater number were freely fertilised 
(and this is the better and natural plan) through the 
agency of insects, by other illegitimate plants. In the 
right-hand, or percentage column, in the preceding 
table, a wide difference in fertility between the plants 
in the first four and the last three classes may be per- 
ceived. In the first four classes the plants are de- 
scended from the three forms illegitimately fertilised 
with pollen taken from the same form, but only 
rarely from the same plant. It is necessary to observe 
this latter circumstance; for, as I have elsewhere 
shown,* most plants, when fertilised with their own 
pollen, or that from the same plant, are in some 
degree sterile, and the seedlings raised from such 
unions are likewise in some degree sterile, dwarfed, 
and feeble. None of the nineteen illegitimate plants 
in the first four classes were completely fertile ; one, 
however, was nearly so, yielding 96 per cent, of the 
proper number of seeds. From this high degree of 
fertility we have many descending gradations, till we 
reach an absolute zero, when the plants, though bear- 
ing many flowers, did not produce, during successive 
years, a single seed or even seed-capsule. Some of the 
most sterile plants did not even yield a single seed 
when legitimately fertilised with pollen from legiti- 
mate plants. There is good reason to believe that the 
first seven plants in Class I. and II. were the offspring 



* 'The Effects of Cross and Self-fertilisation in the YegeUblo 
JGLingdom,' 1876. 

10 



Chap. V. HETEBOSTYLED TEIMORPfflO PLANTS. 209 

as far as the less fertile plants in these three classes 
are concerned : first, because none of the plants in 
Class V. attained their proper height, which shows 
that they were in some manner affected ; and, secondly, 
because many of the plants in Classes V. and VI. pro- 
duced anthers which were either contabescent or in- 
cluded small and shrivelled pollen-grains. And as in 
these cases the male organs were manifestly deterio- 
rated, it is by far the most probable conclusion that 
the female organs were in some cases likewise affected, 
and that this was the cause of the reduced number of 
seeds. 

With respect to the six plants in these three cleisses 
which yielded a very high percentage of seeds, the 
thought naturally arises that the normal standard of 
fertility for the long-styled and short-styled forms 
(with which alone we are here concerned) may have 
been fixed too low, and that the six illegitimate plants 
are merely fully fertile. The standard for the long- 
styled form was deduced by counting the seeds in 
twenty-three capsules, and for the short-styled form 
from twenty-five capsules. I do not pretend that this 
is a sufficient number of capsules for absolute accu- 
racy ; but my experience has led me to believe that a 
very fair result may thus be gained. As, however, the 
maximum number observed in the twenty-five capsules 
of the short-styled form was low, the standard in this 
case may possibly be not quite high enough. But it 
should be observed, in the case of the illegitimate 
plants, that in order to avoid over-estimating their in- 
fertility, ten very fine capsules were always selected ; 
and the years 1865 and 1866, during which the plants 
in the three latter classes were experimented on, were 
highly favourable for seed-production. Now, if this 
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any degree sterile. On the other hand, the illegiti- 
mate unions between plants of the same form always 
yield very few seeds, and their seedlings are very 
sterile. Long -styled parent-plants when fertilised 
with pollen from their own-form shortest stamens, ap- 
pear to be rather more sterile than when fertilised with 
their own-form mid-length stamens ; and the seedlings 
from the former union were much mora sterile than 
those from the latter union. In opposition to this re- 
lationship, short-styled plants illegitimately fertilised 
with pollen from the mid-length stamens of the long- 
styled form (Class V.) are very sterile ; whereas some 
of the offspring raised from this union were far from 
being highly sterile. It may be added that there is a 
tolerably close parallelism in all the classes between 
the degree of sterility of the plants and their dwarfed 
stature. As previously stated, an illegitimate plant 
fertilised with pollen from a legitimate plant has its 
fertility slightly increased. The importance of the 
several foregoing conclusions will be apparent at the 
close of this chapter, when the illegitimate unions be- 
tween the forms of the same species and their illegiti- 
mate offspring, are compared with the hybrid unions 
of distinct species and their hybrid offspring. 

OXALIS. 

No one has compared the legitimate and illegiti- 
mate offspring of any trimorphic species in this genus. 
Hildebrand sowed illegitimately fertilised seeds of 
Oxalis Valdiviana* but they did not germinate ; and 
this fact, as he remarks, supports my view that an 
illegitimate union resembles a hybrid one between 



* *Bot. Zeitutig,* 1871, p. 433, footnote. 
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two distinct species, for the seeds in this latter case 
are often incapable of germination. 

The following observations relate to the nature of the forms 
which appear among the legitimate seedlings of Oxalis Valdiviana. 
Hildebrand raised, as described in the paper just referred to, 
211 seedlings from all six legitimate unions, and the three forms 
appeared among the ofifspring from each union. For instance, 
long-styled plaqU were legitimately fertilised with pollen from 
the longest stamens of the mid-styled form, and the seedlings 
consisted of 15 long-styled, 18 mid-styled, and 6 short-styled. 
We here see that a few short-styled plants were produced, though 
neither parent was short-styled ; and so it was with the other 
legitimate unions. Out of the above 211 seedlings, 173 belonged 
to the same two forms as their parents, and only 38 belonged 
to the third form distinct from either parent. In the case of 
0. Ber/nelU, the result, as observed by Hildebrand, was nearly 
the same, but more striking : all the offspring from four of the 
legitimate unions consisted of the two jjarent-forms, whilst 
amongst the seedlings from the other two legitimate unions the 
third form appeared. Thus, of the 43 seedlings from the six 
legitimate unions, 35 belonged to the same two forms as their 
parents, and only 8 to the third form. Fritz Muller also raised 
in Brazil seedlings from long-styled plants of 0. Begnelli legiti- 
mately fertilised with pollen from the longest stamens of the 
mid-styled form, and all these belonged to the two parent- 
forms.* Lastly, seedlings were raised by me from long-styled 
plants of 0. sjpeciosa legitimately fertilised by the short-slyled 
form, and from the latter reciprocally fertilised by the long- 
styled; and these consisted of 33 long-styled and 26 short- 
styled plants, with not one mid-styled form. There can, there- 
fore, be no doubt that the legitimate offspring from any two 
forms of Oxalis tend to belong to the same two forms as their 
parents ; but that a few seedlings belonging to the third form 
occasionally make their appearance ; and this latter fact, as 
Hildebrand remarks, may be attributed to atavism, as some of 
their progenitors wiU almost certainly have belonged to the 
third form. 

"When, however, any one form of Oxalis is fertilised illegiti- 



♦ * Jenaiiiche Zeitschrift,* &c. Band vi. 1871, p. 75. 
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mately with pollen from the same form, the seedlings appear to 
belong invariably to this fonn. Thus Hildebrand states* that 
long-styled plants of 0, rosea growing by themselves have been 
propagated in Germany year after year by seed, and have always 
produced long-styled plants. Again, 17 seedlings were raised 
from mid-styled plants of 0. Tiedysaroides growing by themselves, 
and these were all mid-styled. So that the forms of Oxalis, 
when illegitimately fertilised wth their own pollen, behave like 
the long-styled form of Lythrum salicaria, which when thus fer- 
tilised always produced with me long-styled ofifepring. 



Primula. 

Primula Sinensis. 

I raised during February 1862, from some long- 
styled plants illegitimately fertilised with pollen from 
the same form, twenty-seven seedlings. These were 
all long-styled. They proved fully fertile or even 
fertile in excess ; for ten. flowers, fertilised with pollen 
from other plants of the same lot, yielded nine cap- 
sules, containing on an average 39*75 seeds, with a 
maximum in one capsule of 66 seeds. Four other 
flowers legitimately crossed with pollen from a legiti- 
mate plant, and four flowers on the latter crossed with 
pollen from the illegitimate seedlings, yielded seven 
capsules with an average of 53 seeds, with a maximum 
of 72. I must here state that I have found some 
difficulty in estimating the normal standard of fer- 
tility for the several unions of this species, as the 
results differ much during successive years, and 
the seeds vary so greatly in size that it is hard to 



♦ *Ueber den TrimorpliiBmus za Berlin,* 2l8t June 1866, p. 373; 
in der Gattung Oxalis: Monats- and 'Boi. Zeitung,' 1871, pw 435. 
beric^te der Akad. der Wissen. 
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decide which ought to be considered good. In order 
to avoid over-estimating the infertility of the several 
illegitimate unions. I have taken the normal standard 
as low as possible. ' 

From the foregoing twenty-seven illegitimate plants, 
fertilised with their own-form pollen, twenty-five seed- 
ling grandchildren were raised; and these were all 
long-styled; so that from the two illegitimate gene- 
rations fifty-two plants were raised, and all without 
exception proved long-styled. These grandchildren 
grew vigorously, and soon exceeded in height two 
other lots of illegitimate seedlings of different parent- 
age and one lot of equal-styled seedlings presently to 
be described. Hence I expected that they would have 
turned out highly ornamental plants ; but when they 
flowered, they seemed, as my gardener remarked, to 
have gone back to the wild state ; for the petals were 
pale-coloured, narrow, sometimes not touching each 
other, flat, generally deeply notched in the middle, 
but not flexuous on the margin, and with the yellow 
eye or centre conspicuous. Altogether these flowers 
were strikingly different from those of their pro- 
genitors; and this, I think, can only be accounted 
for on the principle of reversion. Most of the anthers 
on one plant were contabescent. Seventeen flowers 
on the grandchildren were illegitimately fertilised 
with pollen taken from other seedlings of the same 
lot, and produced fourteen capsules, containing on an 
average 29 • 2 seeds ; but they ought to have con- 
tained about 35 seeds. Fifteen flowers legitimately 
fertilised with pollen from an illegitimate short-styled 
plant (belonging to the lot next to be described) pro- 
duced fourteen capsules, containing an average of 46 
seeds ; they ought to have contained at least 50 seeds. 
Hence these grandchildren of illegitimate descent ap- 



Chap. V. HETEEOSTYLED DIMORPHIC PLANTS. 215 

pear to have lost, though only in a very slight degree, 
their full fertility. 

We will now turn to the short-styled form : from a 
plant of this kind, fertilised with its own-form pollen, 
I raised, during February 1862, eight seedlings, seven 
of which were short-styled and one long-styled. They 
grew slowly, and never attained to the full stature of 
ordinary plants ; some of them flowered precociously, 
and others late in the season. Four flowers on these 
short-styled seedlings and four on the one long-styled 
seedling were illegitimately fertilised with their own- 
form pollen and produced only three capsules, con- 
taining on an average 23*6 seeds, with a maximum 
of 29 ; but we cannot judge of their fertility from so 
few capsules; and I have greater doubts about the 
normal standard for this union than about any other ; 
but I believe that rather above 25 seeds would be a 
fair estimate. Eight flowers on these same short-styled 
plants, and the one long-styled illegitimate plant 
were reciprocally and legitimately crossed ; they pro- 
duced five capsules, which contained an average of 
28*6 seeds, with a maximum of 36. A reciprocal 
cross between legitimate plants of the two forms 
would have yielded an average of at least 57 seeds, 
with a possible maximum of 74 seeds ; so that these 
illegitimate plants were sterile when legitimately 
crossed. 

I succeeded in raising from the above seven short- 
styled illegitimate plants, fertilised with their own- 
form pollen, only six plants — grandchildren of the 
first union. These, like their parents, were of low 
stature, and had so poor a constitution that four died 
before flowering. With ordinary plants it has been 
a rare event with me to have more than a single plant 
die out of a large lot. The two grandchildren which 
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lived and flowered were short-styled; and twelve of 
their flowers were fertilised with their own-form pollen 
and produced twelve capsules containing an average 
of 28*2 seeds; so that these two plants, though be- 
longing to so weakly a set, were rather more fertile 
than their parents, and perhaps not in any degree 
sterile. Four flowers on the same two grandchildren 
were legitimately fertilised by a long-styled illegiti- 
mate plant, and produced four capsules, containing 
only 32*2 seeds instead of about 64 seeds, which is 
the normal average for legitimate short-styled plants 
legitimately crossed. 

By looking back, it will be seen that I raised at 
first from a short-styled plant fertilised with its own- 
form pollen one long-styled and seven short-styled 
illegitimate seedlings. These seedlings were legiti- 
mately intercrossed, and from their seed fifteen plants 
were raised, grandchildren of the first illegitimate 
union, and to my surprise all proved short-styled. 
Twelve short-styled flowers borne by these grand- 
children were illegitimately fertilised with pollen 
taken from other plants of the same lot, and produced 
eight capsules which contained an average of 21*8 
seeds, with a maximum of 35. These figures are 
rather below the normal standard for such a union. 
Six flowers were also legitimately fertilised with pollen 
from an illegitimate long-styled plant and produced 
only three capsules, containing on an average 23*6 
seeds, with a maximum of 35. Such a union in the 
case of a legitimate plant ought to have yielded an 
average of 64 seeds, with a possible maximum of 73 
seeds. 

Summary on the Transmission of Form, Constitution^ 
and Fertility of the Illegitimate Offspring of Primula 
Sinensis. — In regard to the long-styled plants, their 
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illegitimate offspring, of which fifty-two were raised in 
the course of two generations, were all long-styled.* 
These plants grew vigorously ; but the flowers in one 
instance were small, appearing as if they had reverted 
to the wild state. In the first illegitimate generation 
they were perfectly fertile, and in the second their 
fertility was only very slightly impaired. With 
respect to the short-styled plants, twenty-four out of 
twenty-five of their illegitimate offspring were short- 
styled. They were dwarfed in stature, and one lot of 
grandchildren had so poor a constitution that four out 
of six plants perished before flowering. The two sur- 
vivors, when illegitimately fertilised with their own- 
form pollen, were rather less fertile than they ought 
to have been; but their loss of fertility was clearly 
shown in a special and unexpected manner, namely, 
when legitimately fertilised by other illegitimate 
plants : thus altogether eighteen flowers were fertilised 
in this manner, and yielded twelve capsules, which 
included on an average only 28*5 seeds, with a 
maximum of 45. Now a legitimate short-styled plant 
would have yielded, when legitimately fertilised, an 
average of 64 seeds, with a possible maximum of 74. 
This particular kind of infertility will perhaps be best 
appreciated by a simile : we may assume that with 
mankind six children would be born on an average from 
an ordinary marriage ; but that only three would be 
born from an incestuous marriage. According to the 
analogy of Primula Sinensis, the children of such 



* Dr. Hildebrand, who iirst short-styled. From a short-styled 

called attention to this subject plant illegitimately fertilised with 

(' Bot. ZeituDg,' I8G4, p. 5), raised its own pollen he raised fourteen 

from a similar illegitimate union plants, of which eleven were short- 

Beveiiteen plants, of which four- styled and three long-styled, 
teen were long-styled and three 
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incestuous marriages, if they continued to marry in- 
cestuousiy, would have their sterility only slightly 
increased ; but their fertility would not be restored by 
a proper marriage; for if two children, both of in- 
cestuous origin, but in no degree related to each 
other, were to marry, the marriage would of course be 
strictly legitimate, nevertheless they would not give 
birth to more than half the full and proper number 
of children. 

Equal'Stylel variety of Primula Sinensis. — As any variation in 
the structure of the reproductive organs, combined with changed 
function, is a rare event, the following cases are worth giving 
in detail. My attention was first called to the subject by ob- 
serving, in 186'J, a long-styled plant, descended from a self- 
fertilised long-styled parent, which had some of its flowers in an 
anomalous state, namely, with the stamens placed low down in 
the corolla as in the ordinary long-styled form, but with the 
pistils so short that the stigmas stood on a level with the anthers. 
These stigmas were nearly as globular and as smooth as in the 
short-styled form, instead of being elongated and rough as in 
the long -styled form. Here, then, we have combined in the 
same flower, the short stamens of the long-styled form with a 
pistil closely resembling that of the short-styled form. But 
the structure varied much even on the same umbel : for in two 
flowers the pistil was intermediate in length between that of 
the long and that of the short-styled form, with the stigma 
elongated as in the former, and smooth as in the latter.; and in 
three other flowers the structure was in all respects like that of 
the long-styled form. These modifications appeared to me so 
remarkable that I fertilised eight of the flowers with their own 
pollen, and obtained five capsules, which contained on an aver- 
age 43 seeds; and this number shows that the flowers had 
become abnormally fertile in comparison with those of ordinary 
long-styled plants when self-fertilised. I was thus led to ex- 
amine the plants in several small collections, and the result 
showed that the equal-styled variety was not rare. 

In a state of nature the long and short-styled forms would no 
doubt occur in nearly equal numbers, as I infer from the analogy 
of the other heterostyled species of Primula, and from having 
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Table 31. 

Primula Sinensis, 



Name of Owner or Place. 


Long- Billed 
Form. 


Short-styled 
Form. 


Eqaal-etyled 
Variety. 


Mr. Horwood ...... 





. 


17 


Mr. Duck 


20 





9 


Baston 


30 


18 


15 


Chichester . 


12 


9 


2 


Holwood 


42 


12 





High Elms . 


16 








Westerham 


1 


5 





My own plants from purchased seeds 


13 


7 





Total 


134 


51 


43 



raised the two forms of the present species in exactly the same 
number from flowers which had been legitimately crossed. The 
preponderance in the above table of the long-styled form over 
the short-styled (in the proportion of 134 to 51) results from gar- 
deners generally collecting seed from self-fertilised flowers ; and 
the long-styled flowers produce spontaneously much more seed 
(as shown in the first chapter) than the short-styled, owing to the 
anthers of the long-styled form being placed low down in the 
corolla, so that, when the flowers fall oflf, the anthers are dragged 
over the stigma; and we now also know that long-styled plants, 
when self-fertilised, very generally reproduce long-styled ofif- 
spring. From the consideration of this table, it occurred to 
me in the year 1862, that almost all the plants of the Chinese 
primrose cultivated in England would sooner or later become 
long-styled or equal-styled; and now, at the close of 1876, I 
have had five small collections of plants examined, and almost 
all consisted of long-styled, with some more or less well-char 
racterised equal-styled plants, but with not one short-styled. 

With respect to the equal-styled plants in the table, Mr. Hor- 
wood raised from purchased seeds four plants, which he re- 
membered were certainly not long-styled, but either short or 
equal-styled, probably the latter. These four plants were kept 
separate and allowed to fertilise themselves ; from their seed the 
seventeen plants in the table were raised, all of which proved 
equal-styled. The stamens stood low down in the corolla as in 
the long-styled form ; and the stigmas, which were globular and 
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smooth, were either completely surroimded by the anthers, or 
stood close above them. My son William made drawings for 
me, by the aid of the camera, of the pollen of one of the above 
equal-styled plants ; and, in accordance with the position of the 
stamens, the grains resembled in their small size those of the 
long-styled form. He also examined pollen from two equal-styled 
plants at Southampton; and in both of them the grains dif- 
fered extremely in size in the same anthers, a large number 
being small and shrivelled, whilst many were fully as large as 
those of the short-styled form and rather more globular. It is 
probable that the large size of these grains was due, not to their 
having assumed the character of the short- styled form, but to 
monstrosity; for Max Wichura has observed pollen-grains of 
monstrous size in certain hybrids. The vast number of the 
small shrivelled grains in the above two cases explains the fact 
that, though equal-styled plants are generally fertile in a high 
degree, yet some of them yield few seeds. I may add that my 
son compared, in 1875, the grains from two white-flowered 
plants, in both of which the pistil projected above the anthers, 
but neither were properly long-styled or equal-styled ; and in 
the one in which the stigma projected most, the grains were 
in diameter to those in the other plant, in which the stigma pro» 
jected less, as 100 to 88; whereas the difference between the 
grains from perfectly characterised long-styled and short-styled 
plants is as 100 to 57. So that these two plants were in an 
intermediate condition. To return to the 17 plants in the first 
line of Table 31 : from the relative position of their stigmas and 
anthers, they could hardly fail to fertilise themselves ; and ac- 
cordingly four of them spontaneously yielded no less than 180 
capsules ; of these Mr. Horwood selected eight fine capsules for 
sowing; and they included on an average 54*8 seeds, with a 
maximum of 72. He gave me thirty other capsules, taken 
by hazard, of which twenty-seven contained good seeds, aver- 
aging 35*5, with a maximum of 70; but if six poor cap- 
sules, each with less than 13 seeds, be excluded, the average 
rises to 42*5. These are higher numbers than could be ex- 
pected from either well-characterised form if self-fertilised ; and 
this high degree of fertility accords with the view that the 
male organs belonged to one form, and the female organs par- 
tially to the other form ; so that a self-union in the case of the 
equal-styled variety is in fact a legitimate union. 
The seed saved from the above seventeen self-fertilised equal- 



Chap. V. HETEROSTYLED DIMORPHIC PLANTS. 221 

Btyled plants produced sixteen plants, which all proved equal- 
styled, and resembled their parents in all the above-specified 
respects. The stamens, however, in one plant were seated higher 
up the tube of the corolla than in the true long-styled form ; 
in another plant almost all the anthers were contabescent. These 
sixteen plants were the grandchildren of the four original plants, 
which it is believed were equal-styled ; so that this abnormal 
condition was faithfully transmitted, probably through three, 
and certainly through two generations. The fertility of one of 
these grandchildren was carefully observed: six flowers were 
fertilised with pollen from the same flower, and produced six 
capsules, containing on an average 68 seeds, with a maximum 
of 82, and a minimum of 40. Thirteen capsules spontaneously 
self-fertilised yielded an average of 63 • 2 seeds, with the astonish- 
ing maximum in one of 97 seeds. In no legitimate union has 
so high an average as 68 seeds been observed by me, or nearly 
so high a maximum as 82 and 97. These plants, therefore, not 
only have lost their proper heterostyled structure and peculiar 
functional jDowers, but have acquired an abnormal grade of fer- 
tility — unless, indeed, their high fertility may be accounted for 
by the stigmas receiving pollen from the circumjacent anthers 
at exactly the most favourable period. 

With respect to Mr. Duck's lot in Table 31, seed was saved 
from a single plant, of which the form was not observed, 
and this produced nine equal-styled and twenty long-styled 
plants. The equal-styled resembled in all respects those pre- 
viously described; and eight of their capsules sjx)ntaneously 
self-fertilised contained on an average 44*4 seeds, with a 
maximum of 61 and a minimum of 23. In regard to the 
twenty long-styled plants, the pistil in some of the flowers did 
not project quite so high as in ordinary long-styled flowers ; 
and the stigmas, though properly elongated, were smooth ; so 
that we have here a slight approach in structure to the pistil of 
the short-styled form. Some of these long-styled plants also 
approached the equal-styled in function ; for one of them pro- 
duced no less than fifteen spontaneously self-fertilised capsules, 
and of these eight contained, on an a.verage, 31*7 seeds, with 
a maximum of 61. This average would be rather low for a 
long-styled plant artificially fertilised with its own i)ollen, but 
is high for one spontaneously self-fertilised. For instance, 
thirty-four capsules produced by the illegitimate grandchildren 
of a long- styled plant, spontaneously self-fertilised, contained 
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on an average only 9 * 1 seeds, with a maximnm of 46. Some 
seeds indiscriminately saved from the foregoing twenty-nine 
equal-styled and long-styled plants produced sixteen seedlings, 
grandchildren of the original plant belonging to Mr. Duck ; and 
these consisted of fourteen equal-styled and two long-styled 
plants ; and I mention this fact as an additional instance of the 
transmission of the equal-styled variety. 

The third lot in the table, namely the Baston plants, are the 
last which need be mentioned. The long and short-styled plants, 
and the fifteen equal-styled plants, were descended from two 
distinct stocks. The latter were derived from a single plant, 
which the gardener is positive was not long-styled ; hence, pro- 
bably, it was equal-styled. In all these fifteen plants the anthers, 
occupying the same position as in the long-styled form, closely 
surrounded the stigma, which in ono instance alone was slightly 
elongated. Notwithstanding this position of the stigma, the 
flowers, as the gardener assured me, did not yield many seeds ; 
and this difference from the foregoing cases may perhaps have 
been caused by the pollen being bad, as in some of the South- 
ampton equal-styled plants. 

Conclusions with respect to the eqtml'Stt/led variety of 
P. Sinensis. — That this is a variation, and not a third or 
distinct form, as in the trimorphic genera Lythrum and 
Oimlis, is clear ; for we have seen its first appearance 
in one out of a lot of illegitimate long-styled plants ; 
and in the case of Mr. Duck's seedlings, long-styled 
plants, only slightly deviating from the normal state, 
as well as equal-styled plants were produced from the 
same self-fertilised parent. The position of the sta- 
mens in their proper place low down in the tube of the 
corolla, together with the small size of the pollen- 
grains, show, firstly, that the equal-styled variety is a 
modification of the long-styled form, and, secondly, that 
the pistil is the part which has varied most, as indeed 
was obvious in many of the plants. This variation is 
of frequent occurrence, and is strongly inherited when 
it has once appeared. It would, however, have pos* 
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sossed little interest if it had consisted of a mere 
change of structure ; but this is accompanied by modi- 
fied fertility. Its occurrence apparently stands in 
close relation with the illegitimate birth of the parent 
plant ; but to this whole subject I shall hereafter 
recur. 

Primula auricula. 

Although I made no experiments on the illegitimate offspring 
of this species, I refer to it for two reasons : — First, because 
I have observed two equal-styled plants in which the pistil 
resembled in all respects that of the long-styled form, whilst 
the stamens had become elongated as in the short-styled form, 
so that the stigma was almost surrounded by the anthers. The 
pollen-grains, however, of the elongated stamens resembled in 
their small size those of the shorter stamens proper to the long- 
styled form. Hence these plants have become equal-styled by 
the increased length of the stamens, instead of, as with P. 
Sinensis, by the diminished length of the pistil. Mr. J. Scott 
observed five other plants in the same state, and he shows * that 
one of them, when self-fertiKsed, yielded more seed than an 
ordinary long- or short-styled form would have done when 
similarly fertilised, but that it was far inferior in fertility to 
either form when legitimately crossed. Hence it appears that 
the male and female organs of this equal-styled variety have 
been modified in some special manner, not only in structure 
but in functional powers. This, moreover, is shown by the 
singular fact that both the long-styled and short-styled plants, 
fertilised with pollen from the equal-styled variety, yield a 
lower average of seed than when these two forms are fertilised 
with their own pollen. 

The second jx)int which deserves notice is that florists always 
throw away the long-styled plants, and save seed exclusively 
from the short-styled form. Nevertheless, as Mr. Scott was 
informed by a man who raises this species extensively in Scot- 
land, about one-fourth of the seedlings appear long-styled ; so 
that the short-styled form of the Auricula, when fertilised by 
its own pollen, does not reproduee the same form in so large a 
proportion as in the case of P. Sinensis, We may further infer 
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that the short-styled form is not rendered quite sterile by a 
long course of fertilisation with pollen of the same form : but as 
there would always be some liability to an occasional cross with 
the other form, wo cannot tell how long self-fertilisation has 
been continued. 

Primula fabinosa. 

Mr. Scott says * that it is not at all unconunon to find equal- 
styled plants of this heterostyled species. Judging from the 
size of the pollen-grains, these plants owe their structure, as in 
the case of P. auricula, to the abnormal elongation of the 
stamens of the long-styled form. In accordance with this Tiew, 
they yield less seed when crossed with the long-styled form 
than with the short-styled. But they differ in an anomalous 
manner from the equal-styled plants of P. auricula in being 
extremely sterile with their own pollen. 

Prxmula elatiob. 

It was shown in the first chapter, on the authority of 
Herr Breitenbach, that equal-styled flowers are occasionally 
found on this species whilst growing in a state -of nature ; and 
this is the only instance of such an occurrence known to me, 
with the exception of some wild plants of the Oxlip — a hybrid 
between P. veris and vulgaris — which were equal-styled. Herr 
Breitenbach's case is remarkable in another way; for equal- 
styled flowers were found in two instances on plants which bore 
both long-styled and short-styled flowers. In every other 
instance these two forms and the equal-styled variety have been 
produced by distinct plants. 

Primula vulgaris, Brit. FL 

Var. acaidis of Linn, and P. acaulis of Jacq. 

Var. ruhra. — Mr. Scott statest that this variety, which 
grew in the Botanic Garden in Edinburgh, was quite 
sterile when fertilised with pollen from the common 
primrose, as well as from a white variety of the same 

♦ * Journal Proc. Liiin. Soc' viii. (1864), p. 115. 
t Ibid. p. 98. 
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species, but that some of the plants, when artificially 
fertilised with their own pollen, yielded a moderate 
supply of seed. He was so kind as to send me some 
of these self-fertilised seeds, from which I raised the 
plants immediately to be described. I may premise 
that the results of my experiments on the seedlings, 
made on a large scale, do not accord with those by 
Mr. Scott on the parent-plant. 

First, in regard to the transmission of form and 
colour. The parent-plant was long-styled, and of a 
rich purple colour. From the seK-fertilised seed 23 
plants were raised ; of these 18 were purple of dif- 
ferent shades, with 2 of them a little streaked and 
freckled with yellow, thus showing a tendency to 
reversion ; and 5 were yellow, but generally with a 
brighter orange centre than in the wild flower. All 
the plants were profuse flowerers. All were long- 
styled ; but the pistil varied a good deal in length 
even on the same plant, being rather shorter, or con- 
siderably longer, than in the normal long-styled form ; 
and the stigmas likewise varied in shape. It is, 
therefore, probable that an equal-styled variety of the 
primrose might be found on careful search; and I 
have received two accounts of plants apparently in this 
condition. The stamens always occupied their proper 
position low down in the corolla; and the pollen- 
grains were of the small size proper to the long-styled 
form, but were mingled with many minute and 
shrivelled grains. The yellow-flowered and the purple- 
flowered plants of this first generation were fertilised 
under a net with their own pollen, and the seed sepa- 
rately sown. From the former, 22 plants were raised, 
and all were yellow and long-styled. From the latter 
or the purple-flowered plants, 24 long-styled plants 
were raised, of which 17 were purple and 7 yellow* 
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In this last case we have an instance of reversion in 
colour, without the possibility of any cross, to the grand- 
parents or more distant progenitors of the plants in 
question. Altogether 23 plants in the first generation 
and 46 in the second generation were raised ; and the 
whole of these 69 illegitimate plants were long-styled ! 

Eight purple-flowered and two yellow-flowered plants 
of the first illegitimate generation were fertilised in 
various ways with their own pollen and with that of 
the common primrose ; and the seeds were separately 
counted, but as I could detect no difference in fertility 
between the purple and yellow varieties, the results 
are run together in the following table. (See next 
page.) 

If we compare the figures in this table with those 
given in the first chapter, showing the normal fertility 
of the common primrose, we shall see that the illegiti- 
mate purple- and yellow-flowered varieties are very 
sterile. For instance, 72 flowers were fertilised with 
their own pollen and produced only 11 good capsules ; 
but by the standard they ought to have produced 48 
capsules ; and each of these ought to have contained 
on an average 52*2 seeds, instead of only 11*5 seeds. 
When these plants were illegitimately and legiti- 
mately fertilised with pollen from the common prim- 
rose, the average numbers were increased, but were far 
from attaining the normal standards. So it was when 
both forms of the common primrose were fertilised 
with pollen from these illegitimate plants; and this 
shows that their male as well as their female organs 
were in a deteriorated condition. The sterility of these 
plants was shown in another way, namely, by their not 
producing any capsules when the access of all insects 
(except such minute ones as Thrips) was prevented; 
for under these circumstances the common long-styled 
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Table 32. 
Frimula vulgaris. 



primrose produces a considerable number of capsules. 
There can, therefore, be no doubt that the fertility of 
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these plants was greatly impaired. The loss is not 
correlated with the colour of the flower ; and it was to 
ascertain this point that I made so many experiments. 
As the parent-plant growing in Edinburgh was found 
hj Mr. Scott to be in a high degree sterile, it may 
have transmitted a similar tendency to its offspring, 
independently of their illegitimate birth. I am, how- 
ever, inclined to attribute some weight to the illegiti- 
macy of their descent, both from the analogy of other 
cases, and more especially from the fact that when the 
plants were legitimately fertilised with pollen of the 
common primrose they yielded an average, as may be 
seen in the table, of only 6 more seeds than when 
Ulegitimately fertilised with the same pollen. Now we 
know that it is eminently characteristic of the illegiti- 
mate offspring of Primula Sinensis that they yield but 
few more seeds when legitimately fertilised than when 
fertilised with their own-form pollen. 

Primula veris, Brit. Fl. 

Var. offidndlis of Linn., P. officinalis of Jacq. 

Seeds from the short-styled form of the cowslip 
fertilised with pollen from the same form germinate 
so badly that I raised from three successive sowings 
only fourteen plants, which consisted of nine short- 
styled and five long-styled plants. Hence the short- 
styled form of the cowslip, when self-fertilised, does not 
transmit the same form nearly so truly as does that 
of P. Sinensis. From the long-styled form, always 
fertilised with its own-form pollen, I raised in the 
first generation three long-styled plants, — from their 
seed 53 long-styled grandchildren, — ^from their seed 
4 long-styled great-grandchildren, — ^from their seed 
20 long-styled great-great-grandchildren, — and lastly, 



Chap.V. HETEROSTYLED DmORPHlC PLANTS. 220 

from their seed 8 long-styled and 2 short-styled great- 
great-great-grandchildren. In this last generation 
short-styled plants appeared for the first time in the 
course of the six generations, — ^the parent long-styled 
plant which was fertilised with pollen from another 
plant of the same form being counted as the first 
generation. Their appearance may be attributed to 
atavism. From two other long-styled plants, fertilised 
with their own-form pollen, 72 plants were raised, 
which consisted of 68 long-styled and 4 short-styled. 
So that altogether 162 plants were raised from ille- 
gitimately fertilised long-styled cowslips, and these 
consisted of 156 long-styled and 6 short-styled plants. 

We will now turn to the fertility and powers of 
growth possessed by the illegitimate plants. From 
a short-styled plant, fertilised with its own-form 
pollen, one short-styled and two long-styled plants, 
and from a long-styled plant similarly fertilised three 
long-styled plants were at first raised. The fertility 
of these six illegitimate plants was carefully observed ; 
but I must premise that I cannot give any satisfactory 
standard of comparison as far as the number of the 
seeds is concerned ; for though I counted the seeds 
of many legitimate plants fertilised legitimately and 
illegitimately, the number varied so greatly during 
successive seasons that no one standard will serve well 
for illegitimate unions made during different seasons. 
Moreover the seeds in the same capsule frequently 
differ so much in size that it is scarcely possible 
to decide which ought to be counted as good seed. 
There remains as the best standard of comparison the 
proportional number of fertilised flowers which pro- 
duce capsules containing any seed. 

First, for the one illegitimate short-styled plant. 
In the course of three seasons 27 flowers were illegiti- 
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varied much according to the season. I may premise, 
as a standard of comparison, that during the same 
years 56 flowers on legitimate long-styled plants of 
the same age and grown in the same soil, were fer- 
tilised with their own pollen, and yielded 27 capsules ; 
that is, 48 per cent. On one of the five illegitimate 
long-styled plants 36 flowers were self-fertilised in 
the course of the three years, but they did not produce 
a single capsule. Many of the anthers on this plant 
were contabescent ; but some seemed to contain 
sound pollen. Nor were the female organs quite 
impotent; for I obtained from a legitimoUe cross one 
capsule with good seed. On a second illegitimate 
long-styled plant 44 flowers were fertilised during the 
same years with their own pollen, but they produced 
only a single capsule. The third and fourth plants 
were in a very slight degree more productive. The 
fifth and last plant was decidedly more fertile; for 
42 seK-fertilised flowers yielded 11 capsules. Alto- 
gether, in the course of the three years, no less than 
160 flowers on these five illegitimate long-styled 
plants were fertilised with their own pollen, but they 
yielded only 22 capsules. According to the standard 
above given, they ought to have yielded 80 capsules. 
These 22 capsules contained on an average 15*1 seeds. 
I believe, subject to the doubts before specified, that 
with legitimate plants the average number from a 
union of this nature would have been above 20 seeds. 
Twenty-four flowers on these same five illegitimate 
long-styled plants were legitimately fertilised with 
pollen from the abov^-described illegitimate short- 
styled plant, and produced only 9 capsules, which is 
an extremely small number for a legitimate union. 
These 9 capsules, however, contained an average of 38 
apparently good seeds, which is as large a number as 

11 
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tilised with their own pollen, produced 15 capsules, 
containing an average of 16*3 seeds. As already 
stated, the probable average with legitimate plants 
for a union of this nature is rather above 20 seeds. 
These plants were remarkably healthy and vigorous, 
as long as they were kept under highly favourable 
conditions in pots in the greenhouse ; and such treat- 
ment greatly increases the fertility of the cowslip. 
When these same plants were planted during the next 
year (which, however, was an unfavourable one), out 
of doors in good soil, 20 self-fertilised flowers pro- 
duced only 5 capsules, containing extremely few and 
wretched seeds. 

Four long-styled great-grandchildren were raised 
from the self-fertilised grandchildren, and were kept 
under the same highly favourable conditions in the 
greenhouse; 10 of their flowers were fertilised with 
own-form pollen and yielded the large proportion of 6 
capsules, containing on an average 18 • 7 seeds. From 
these seeds 20 long-styled great-great-grandchildren 
were raised, which were likewise kept in the greenhouse. 
Thirty of their flowers were fertilised with their own 
pollen and yielded 17 capsules, containing on an aver- 
age no less than 32, mostly fine seeds. It appears, 
therefore, that the fertility of these plants of the fourth 
illegitimate generation, as long as they were kept 
under highly favourable conditions, had not decreased, 
but had rather increased. The result, however, was 
widely different when they were planted out of doors 
in good soil, where other cowslips grew vigorously and 
were completely fertile ; for these illegitimate plants 
now became much dwarfed in stature and extremely 
sterile, not withstanding that they were exposed to the 
visits of insects, and must have been legitimately fer- 
tilised by the surrounding legitimate plants. A whole 
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wore excluded ; and he explains this fact by showing, first, that 
the anthers and stigma are in close apposition, and that the 
stamens in length, position and size of their pollen-grains 
resemble those of the short-styled form, whilst the* pistil re- 
sembles that of the long-styled form both in length and in the 
structure of the stigma. Hence the self-union of this variety is, 
in fact, a legitimate union, and consequently is highly fertile. 
Mr. Scott further states that this variety yielded very few seeds 
when fertilised by either the long- or short-styled common 
cowslip, and, again, that both forms of the latter, when fertilised 
by the equal-styled variety, likewise produced very few seeds. 
But his experiments with the cowslip were few, and my results 
do not confirm his in any uniform manner. 

I raised twenty plants from self-fertilised seed sent me by Mr. 
Scott ; and they all produced red flowers, varying slightly in 
tint. Of these, two were strictly long-styled both in structure 
and in function ; for their reproductive powers were tested by 
crosses with both forms of the common cowslip. Six plants 
were equal-styled ; but on the same plant the pistil varied a 
good deal in length during different seasons. This was likewise 
the case, according to Mr. Scott, with the parent-plant. Lastly, 
twelve plants were in appearance short-styled ; but they varied 
much more in the length of their pistils than ordinary short- 
styled cowslips, and they differed widely from the latter in 
their powers of reproduction. Their pistils had become short- 
styled in structure, whilst remaining long-styled in function. 
Short-styled cowslips, when insects are excluded, are extremely 
barren : for instance, on one occasion six fine plants produced 
only about 60 seeds (that is, less than the product of two good 
capsules), and on another occasion not a single capsule. Now, 
when the above twelve apparently short-styled seedlings were 
similarly treated, nearly all produced a great abundance of 
capsules, containing numerous seeds, which germinated re- 
markably well. Moreover three of these plants, which during 
the first year were furnished with quite short pistils, on the 
following year produced pistils of extraordinary length. The 
greater number, therefore, of these short-styled plants could not 
be distinguished in function from the equal-styled variety. The 
anthers in the six equal-styled and in the apparently twelve 
short-styled plants were seated high up in the corolla, as in the 
true short-styled cowslip; and the pollen-grains resembled 
those of the same form in their large size, but were mingled 
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with a few shrivelled grains. In function this pollen was 
identical with that of the short-styled cowslip ; for ten long- 
styled flowers of the common cowslip, Intimately fertilised 
with pollefl from a tme eqnal-styled yariety, product six cap- 
snlcS; containing on an average 84*4 seeds; whilst seven cap- 
sules on a short-styled cowslip illegitimately fertilised with 
pollen from the equal-styled variety, yielded an average of only 
14*5 seeds. 

As the equal-styled plants differ from one another in their 
powers of reproduction, and as this is an important subject, 
I will give a few details with respect to five of them. First, an 
equal^tyled plant, protected from insects (as was done in all 
the following cases, with one stated exception), spontaneously 
produced numerous capsules, five of which gave an average of 
44*8 seeds, with a maximum in one capsule of 57. But six 
capsules, the product of fertilisation with pollen from a short- 
styled cowslip (and this is a legitimate xmion), gave an average 
of 28 ' 5 seeds, with a maximum of 49 ; and this is a much lower 
average than might have been expected. Secondly, nine cap- 
sules from another e(iual-styled plant, which had not been 
protected from insects, but probably was self-fertilised, gave an 
average of 45 • 2 seeds, with a maximum of 58. Thirdly, another 
plant which had a very short pistil in 1865, produced spon- 
taneously many capsules, six of which contained an average of 
33 * 9 seeds, with a maximum of 88. In 1866 this same plant 
had a pistil of wonderful length ; for it projected quite above 
the anthers, and the stigma resembled that of the long-styled 
form. In this condition it produced spontaneously a vast 
number of fine capsules, six of which contained almost exactly 
the same average number as before, viz. 34*3, with a maximum 
of 38. Four flowers on this plant. Intimately fertilised with 
pollen from a short-styled cowslip, yielded capsules with an 
average of 30*2 seeds. Fourthly another short-styled plant 
spontaneously produced in 1865 an abundance of capsules, ten 
of which contained an average of 35-6 seeds, with a maximum 
of 54. In 1866 this same plant l;ad become in all respects long- 
styled, and ten capsules gave almost exactly the same average 
as before, viz. 35 '1 seeds, with a maximum of 47. Eight 
flowers on this plant, legitimately fertilised with pollen from, 
a short-styled cowslip, produced six capsules, with the high 
average of 53 seeds, and the high maximum of 67. Eight 
flowers were also fertilised with pollen from a long-styled cow- 
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slip (tliis being an illegitimate union), and produced seven 
capstdes, containing an average of 24*4 seeds, with a maximtun 
of 32. The fifth and last plant remained in the same condition 
during both years : it had a pistil rather longer than that of the 
true short-s^led form, with the stigma smooth, as it ought to 
be in this form, but abnormal in shape, like a much-elongated 
inverted cone. It produced spontaneously many capsules, five 
of which, in 1865, gave an average of only 15*6 seeds; and in 
1866 ten capsules still gave an average only a little higher, viz. 
of 22* 1, with a maximum of 30. Sixteen flowers were fertilised 
with pollen from a long-styled cowslip, and produced 12 cap- 
sules, with an average of 24*9 seeds, and a maximum of 42. 
Eight flowers were fertilised with pollen from a short-styled 
cowslip, but yielded only two capsules, containing 18 and 23 
seeds. Hence this plant, in function and partially in structure, 
was in an almost exactly intermediate state between the long- 
styled and short-styled form, but inclining towards the short- 
styled ; and this accounts for the low average of seeds which it 
produced when spontaneously self-fertilised. 

The foregoing five plants thus differ much from one another in 
the nature of their fertility. In two individuals a great difference 
in the length of the pistil during two succeeding years made no 
difference in the number of seeds produced. As all five plants 
possessed the male organs of the short-styled form in a perfect 
state, and the female organs of the long-styled form in a more 
or less complete state, they spontaneously produced a surprising 
number of cai)sules, which generally contained a large average 
of remarkably fine seeds. With ordinary cowslips, legitimately 
fertilised, I once obtained from plants cultivated in the green- 
house the high average, from seven capsules, of 58*7 seeds, with 
a maximum in one capsule of 87 seeds ; but from plants grown 
out of doors I never- obtained a higher average than 41 seeds. 
Now two of the equal-styled plants, grown out of doors and 
spontaneously self -fertilised, gave averages of 44 and 46 seeds ; 
but this high fertility may. perhaps be in part attributed to the 
stigma receiving pollen from the surrounding anthers at exactly 
the right period. Two of these plants, fertilised with poUen 
from a short-styled cowslip (and this in fact is a legitimate 
union), gave a lower average than when self-fertilised. On the 
other hand, another plant, when similarly fertilised by a cowslip, 
yielded the unusually high average of 53 seeds, with a maximum 
of 67. Lastly, as we have just seen, one of these plants was in 
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an alinoBt exactly intermediate condition in its female organs 
between the long- and short-styled forms^ and consequently, 
when self-fertilised, yielded a low average of seed. If we add 
together all the experiments which I made on the equalnstyled 
plants, 41 spontaneously self-fertilised capsules (insects haying 
been excluded) gave an average of 34 seeds, which is exactly the 
same nimiber as the parent-plant yielded in Edinburgh. Thirty- 
four flowers, fertilised with pollen from the short-styled cowslip 
(and this is an analogous union), produced 17 capsules, contain- 
ing an average of 33*8 seeds. It is a rather singular circum- 
stance, for which I cannot account, that 20 flowers, artificially fer- 
tilised on one occasion with pollen from the same plants yielded 
only ten capsules, containing the low average of 26*7 seeds. 

As bearing on inheritance, it may be added that 72 seed- 
lings were raised from one of the red-flowered, strictly equal- 
styled, self-fertilised plants descended from the similarly cha- 
racterised Edinburgh plant. These 72 plants were there- 
fore grandchildren of the Edinburgh plant, and they all bore, 
as in the first generation, red flowers, with the exception of 
one plant, which reverted in colour to the common cowslip. 
In regard to structure, nine plants were truly long-styled 
and had their stamens seated low down in the corolla in the 
proper position; the remaining 63 plants were equal-styled, 
though the stigma in about a dozen of them stood a little below 
the anthers. We thus see that the anomalous combination in the 
same flower, of the male and female sexual organs which properly 
exist in the two distinct forms, was inherited with much force. 
Thirty-six seedlings were also raised from long and short-styled 
common cowslips, crossed with pollen from the equal-styled 
variety. Of these plants one alone was equal-styled, 20 were 
short-styled, but with the pistil in three of them rather too 
long, and the remaining 15 were long-styled. In this case we 
have an illustration of the difference between simple inheritance 
and prepotency of transmission ; for the equal-styled variety, 
when self-fertilised, transmits its character, as we have just 
seen, with much force, but when crossed with the common 
cowslip cannot withstand the greater power of transmission 
of the latter. 

PULMONARIA. 

I have little to say on this genus. I obtained seeds of P. offi* 
cincUis from a garden where the long-styled form alone grew, 
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ftnd raised 11 seedlings, which were all long-styled. These 
plants were named for me by Dr. Hooker. They differed, as has 
been shown, from the plants belonging to this species which in 
Germany were experimented on by Hildebrand;* for he found that 
the long- styled form was absolutely sterile with its own pollen, 
whilst my long-styled seedlings and the parent-plants yielded a 
fair supply of seed when self-fertilised. Plants of the long- 
styled form of Fulmonaria angusti/olia were, like Hildebrand's 
plants, absolutely sterile with their own pollen, so that I could 
never procure a single seed. On the other hand, the short- 
styled plants of this species, differently from those of P. offi- 
cinalis, were fertile with their own pollen in a quite remarkable 
degree for a heterostyled plant. From seeds carefully self-fer- 
tilised I raised 18 plants, of which 13 proved short-styled and 

6 long-styled. 

Polygonum paooetbum. 

From flowers on long-styled plants fertilised illegitimately 
with pollen from the same plant, 49 seedlings were raised, and 
these consisted of 45 long-styled and 4 short-styled. From 
flowers on short-styled plants illegitimately fertilised with pollen 
from the same plant 38 seedlings were raised, and these con- 
sisted of 20 short-styled and 13 long-styled. So that the usual 
rule of illegitimately fertilised long-styled plants tending much 
more strongly than short-styled plants to reproduce their own 
form here holds good. The illegitimate plants derived from 
both forms flowered later than the legitimate, and were to the 
latter in height as 69 to 100. But as these illegitimate plants 
were descended from parents fertilised with their own pollen, 
whilst the legitimate plants were descended from parents crossed 
with poUen from a distinct individual, it is impossible to know 
how much of their difference in height and period of flowering, 
is due to the illegitimate birth of the one set, and how much 
to the other set being the product of a cross between distinct 
plants. 

Concluding BemarJcs on the Illegitimate Offspring of 
Heterostyled Trimorphic and Dimorphic Plants. 

It is remarkable how closely and in how many points 
illegitimate unions between the two or three forms of the 

♦ • Bot. ZeituDg/ 1865, p. 13. 
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sterile. But there are marked exceptions, as shown 
by Gartner, to these rules. So it is with illegitimate 
unions and illegitimate offspring. Thus the mid- 
styled form of Lythrum salicaria, when illegitimately 
fertilised with pollen from the longest stamens of 
the short-styled form, produced an unusual number 
of seeds ; and their illegitimate offspring were not at 
all, or hardly at all, sterile. On the other hand, the 
illegitimate offspring from the long-styled form, ferti- 
lised with pollen from the shortest stamens of the same 
form, yielded few seeds, and the illegitimate offspring 
thus produced were very sterile ; but they were more 
sterile than might have been expected relatively to the 
difficulty of effecting the union of the parent sexual 
elements. No point is more remarkable in regard to 
the crossing of species than their unequal reciprocity. 
Thus species A will fertilise B with the greatest ease ; 
but B will not fertilise A after hundreds of trials. We 
have exactly the same case with illegitimate unions ; 
for the mid-styled Lythrum saliearia was easily ferti- 
lised by pollen from the longest stamens of the short- 
styled form, and yielded many seeds ; but the latter 
form did not yield a single seed when fertilised by the 
longest stamens of the mid-styled form. 

Another important point is prepotency. Gartner 
has shown that when a species is fertilised with pollen 
from another species, if it be afterwards fertilised with 
its own pollen, or with that of the same species, this 
is so prepotent over the foreign pollen that the effect 
of the latter, though pla<)ed on the stigma some time 
previously, is entirely destroyed. Exactly the same 
thing occurs with the two forms of a heterostyled 
species. . Thus several long-styled flowers of Primula 
peris were fertilised illegitimately with pollen from 
another plant of the same form, and twenty-four hours 
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manner. And as we have just seen that distinct species 
when crossed resemble in a whole series of relations the 
forms of the same species when illegitimately imited, 
we are led to conclude that the sterility of the former 
must likewise depend exclusively on the incompatible 
nature of their sexual elements, and not on any general 
diflference in constitution or structure. We are, indeed, 
led to this same conclusion by the impossibility of de- 
tecting any diflferences sufficient to account for certain 
species crossing with the greatest ease, whilst other 
closely allied species cannot be crossed, or can be crossed 
only with extreme difficulty. We are led to this con- 
clusion still more forcibly by considering the great 
difference which often exists in the facility of crossing 
reciprocally the same two species ; for it is manifest in 
this case that the result must depend on the nature of 
the sexual elements, the male element of the one 
species acting freely on the female element of the 
other, but not so in a reversed direction. And now we 
see that this same conclusion is independently and 
strongly fortified by the consideration of the illegiti- 
mate unions of trimorphic and dimorphic heterostyled 
plants. In so complex and obscure a subject as hybrid- 
ism it is no slight gain to arrive at a definite conclu- 
sion, namely, that we must look exclusively to func- 
tional differences in the sexual elements, as the cause 
of the sterility of species when first crossed and of 
their hybrid offspring. It was this consideration which 
led me to make the many observations recorded in this 
chapter, and which in my opinion make them worthy 
of publication. 
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CHAPTER VL 

CONOLUDINQ ReMABKS ON HeTEROSTTLKD PlANTB. 

The e884)ntial character of heterostyled plauts — Summary of the 
differoDces in fertility between legitimately and illegitimately fer- 
tilised plants — Diameter of the pollen-grains, size of anthers and 
Btmcture of stigma in the different forms — Affinities of the genera 
which include heterostyled species — Nature of the advantages 
derived from hetcrostylism — ^The moans by which plants became 
heterostyled — Transmission of form — Equal-styled yarieties of 
heterostyled plants — Final remarks. 

In the foregoiug chapters all the heterostyled plants 
known to me have been more or less fully described. 
Several other cases have been indicated, especially by 
Professor Asa Gray and Kuhn,* in which the indi- 
viduals of the same species differ in the length of 
their stamens and pistils ; but as I have been often de- 
ceived by this character taken alone, it seems to me 
the more prudent course not to rank any species as 
heterostyled, unless we have evidence of more impor- 
tant differences between the forms, as in the diameter 
of the pollen-grains, or in the structure of the stigma. 
The individuals of many ordinary hermaphrodite plants 
habitually fertilise one another, owing to their male 
and female organs being mature at different periods, 
or to the structure of the parts, or to seK-sterility, &c. ; 
and so it is with many hermaphrodite animals, for 
instance, land-snails or earth-worms ; but in all these 
cases any one individual can fully fertilise or be ferti- 

* Asa Gray, * American Joura. elsewhere as already referred ta 
cf Science,* 1805, p. 101 ; and Kuhn, * Bot. Zcitung,* 18G7, p. 67. 
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lised by any other individual of the same species. This 
is not so with heterostyled plants : a long-styled, mid- 
styled or short-styled plant cannot fully fertilise or 
be fertilised by any other individual, but only by 
one belonging to another form. Thus the essen- 
tial charaxjter of plants belonging to the heterostyled 
class is that the individuals are divided into two or 
three bodies, like the males and females of dioecious 
plants 01* of the higher animals, which exist in approxi- 
mately equal numbers and are adapted for reciprocal 
fertilisation. The existence, therefore, of two or three 
bodies of individuals, diflfering from one another in the 
above more important characteristics, offers by itself 
good evidence that the species is heterostyled. But 
absolutely conclusive evidence can be derived only 
from experiments, and by finding that pollen must be 
applied from the one form to the other in order to 
ensure complete fertility. 

In order to show how much more fertile each form 
is when legitimately fertilised with pollen from the 
other form (or in the case of trimorphic species, with 
the proper pollen from one of the two other forms) 
than when illegitimately fertilised with its own-form 
pollen, I will append a Table (33) giving a summary 
of the results in all the cases hitherto ascertained. 
The fertility of the unions may be judged by two 
standards, namely, by the proportion of flowers which, 
when fertilised in the two methods, yield capsules, and 
by the average number of seeds per capsule. When 
there is a dash in the left-hand column opposite to 
the name of the species, the proportion of the flowers 
which yielded capsules was not recorded. 

The two or three forms of the same heterostyled 
epecies do not differ from one another in general habit 
or foliage, as sometimes, though rarely, happens with 
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Table 83. 

Fertility of the Leyitimate Unions taken together^ compared with 
that of the Illegitimate Unions together » The fertility of ihs 
Legitimate Unions, as judged by both standards, is taken as 100« 



Name of Species. 



Primula veris 

P. elatior 

P. vulgaris 

P. Sinensis 

P. Sinensis (second trini) 

P. Sinensis (Hildebrand) 

P. auricula (Scott) 

P. Sikkimensis „ 

P. cortusoides „ 

P. involucrata ,, 

P. farinosa „ 

Average of the nine species of Primula . 

Hottonia palustris (H. Miiller) 

Linum grandiflorum (the difference probably "i 

is much greater) / 

L. perenne 

L. perenne (Hildebrand) 

Pulmonaria officinalis (German stock, Hilde-) 

brand) / 

Pulmonaria angustifolia 

Mitchella repens 

Borreria, Brazilian sp 

Polygonum fagopyrum 

Lythrum salicaria 

Ozalis Yaldiviana (Hildebrand) 

O. Regnelli „ 

0. speciosa 



lUegifcbnate Uoions. 



Proportional 
Number <rf 

Flowers 
which pro. 

daoed 
Capeolea. 



Average 

Number of 

Seeds per 

Capsule. 




the two sexes of dioecious plants. Nor does the calyx 
differ, but the corolla sometimes differs slightly in shape, 
owing to the different position of the anthers. In Bor- 
reria the hairs within the tube of the corolla are differ- 
ently situated in the long-styled'and short-styled forms. 
In Pulmonaria there is a slight difference in the size of 
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the corolla, and in Pontederia in its colour. In the re- 
productive organs the diflferences are much greater and 
more important. In the one form the stamens may be 
all of the same length, and in the other graduated in 
length, or alternately longer and shorter. The fila- 
ments may differ in colour and thickness, and are 
sometimes nearly thrice as long in the one form as in the 
other. They adhere also for very different proportional 
lengths to the corolla. The anthers sometimes differ 
much in size in the two forms. Owing to the rotation 
of the filaments, the anthers, when mature, dehisce to- 
wards the circumference of the flower in one form of 
Faramea, and towards the centre in the other form. The 
pollen-grains sometimes differ conspicuously in colour, 
and often to an extraordinary degree in diameter. 
They differ also somewhat in shape, and apparently in 
their contents, as they are unequally opaque. In the 
short-styled form of Faramea the pollen-grains are 
covered with sharp points, so as to cohere readily to- 
gether or to an insect ; whilst the smaller grains of the 
long-styled form are quite smooth. 

With respect to the pistil, the style may be almost 
thrice as long in the one form as in the other. In 
Oxalis it sometimes differs in hairiness in the three 
forms. In Linum the pistils either diverge and pass 
out between the filaments, or stand nearly upright and 
parallel to them. The stigmas in the two forms often 
differ much in size and shape, and more especially in 
the length and thickness of their papillae; so that 
the surface may be rough or quite smooth. Owing to 
the rotation of the styles, the papillose surface of 
the stigma is turned outwards in one form of Linum 
perenne, and inwards in the other form. In flowers of 
the same age of Primula veris the ovules are larger in 
the long-styled than in the short-styled form. The 
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seeds produced by the two or three forms often differ 
in number, and sometimes in size and weight; thus, 
five seeds from the long-styled form of Lythrvm soli' 
carta equal in weight six from the midnstyled and 
seven from the short-styled form. Lastly, short-styled 
plants of Pulmonaria officinalia bear a larger number 
of flowers, and these set a larger proportional number 
of fruit, which however yield a lower average number 
of seed, than the long-styled plants. With hetero- 
styled plants we thus see in how many and in what 
important characters the forms of the same undoubted 
species often differ from one another — characters which 
with ordinary plants would be amply sufficient to dis- 
tinguish species of the same genus. 

As the pollen-grains of ordinary species belonging 
to the same genus generally resemble one another 
c*losely in all respects, it is worth while to show, in the 
following table (34), the difference in diameter be- 
tween the grains from the two or three forms of the 
same heterostyled species in the forty-three cases in 
which this was ascertained. But it should be observed 
that some of the following measurements are only 
approximately accurate, as only a few grains were 
measured. In several cases, also, the grains had been 
dried and were then soaked in water. Whenever they 
were of an elongated shape their longer diameters 
were measured. The grains from the short-styled 
plants are invariably larger than those from the long- 
styled, whenever there is any difference between them. 
The diameter of the former is represented in the table 
by the number 100. 

We here see that, with seven or eight exceptions 
out of the forty-three cases, the pollen-grains from one 
form are larger than those from the other form of the 
same species. The extreme difference is as 100 to 55 ; 
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Table 34 

Relative Diameter of the Follen-grains from the forms of the same 
Eeterostyled Species; those from the short-styled form being 
represented hy 100. 



Dimorphic Species. 






From the Long- 
styled form. 

Primula veris . ... 67 

vulgaris . . .71 

Sinensis(Hildebrand) 57 

,, auricula . . .71 

Hottonia palustrls (H. Mtiller) 6 1 

„ (self) . 64 

Linum grandiflorum . . 100 

„ perenne(diameter va-\ ^ ^^ ^^x 

riable). . . J^^^CO 

„ flavum , . . , 100 

Pulmonaiia officinalis . . 78 

„ angustitblia . 91 

Polygonum fagopyrum. . 82 

Leucosmia Burnettiana . 99 

iBgiphila elata .... 62 

Menyanthes trifoliata . . 84 

Limnanthemum ludicum . 100 

Villarsia(sp.?) . ... 75 

Forsythia suspensa ... 94 



From the Long- 
styled form. 

... 100 



Cordia (sp. ?) .... 

Gilia pulchella «... 
,) micrantha .... 

Sethia acuminata 

Erythroxylum (sp. ?) 

Cratoxylon formosum , 

Mitchella repens, pollen- 
grains of the long-styled 
a little smaller. 

Borreria (sp. ?) . . , 

Faramea (sp. ?).... 

Suteria (sp. ?) (Fritz Mtiller) 

Houstonia coerulea . . 

Oldenlandia (sp. ?) . . . 

Hedyotis (sp. ?) . , . 

Coccocypselum (sp.?) (F. 
Miiller) .... 

Lipostoma (sp. ?) . , 

Cinchona micrantha 



* 

} 



100 
81 
83 
93 
86 



92 
67 
75 

72 
78 
88 

100 

80 
91 



Trimorphic Species. 



Batio expressing the extreme dififerences 
in diameter of the poUen-graius from the 
two sets of anthers in the three forms. 

Lythrum salicaria .... 60 

Nessea verticillata .... 65 

Oxalis Valdiviana (Hildebrand) 7 1 

Regnelli. . . . . 78 

speciosa 69 

sensitiva .... 84 
Pontederia (sp. ?) . . . .65 



»> 
>» 



Ratio between the diameters of the prtUen* 
grains of the two sets of anthers in the 
same form. 

Oxalis rosea, long-styled form\ qo 

(Hildebrand) . . . / ^"^ 

„ compressa, short-styled i ^.o 

form f ^"^ 

Pontederia (sp. ?) short-styled^ g- 

form. . . ./ 

„ other sp., mid-sty led 1 «« 

form. . . ./ 



and we should bear in mind that in the case of 
spheres diflfering to this degree in diameter, their 
contents differ in the ratio of six to one. With all 
the species in which the grains differ in diameter, 
there is no exception to the rule that those from the 
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anthers of the short-styled form, the tubes of which 
have to penetrate the longer pistil of the long-styled 
form, are larger than the grains from the other form. 
This curious relation led Delpino* (as it formerly did 
me) to believe that the larger size of the grains in 
the short-styled flowers is connected with the greater 
supply of matter needed for the development of their 
longer tubes. But the case of Linum, in which 
the grains of the two forms are of equal size, whilst 
the pistil of the one is about twice as long as that 
of the other, made me from the first feel very 
doubtful with respect to this view. My doubts have 
since been strengthened by the cases of Limnanthe- 
mum and Coccocypselum, in which the grains are of 
equal size in the two forms ; whilst in the former 
genus the pistil is nearly thrice and in the latter 
twice as long as in the other form. In those species 
in which the grains are of unequal size in the two 
forms, there is no close relationship between the de- 
gree of their inequality and that of their pistils. 
Thus in Pulmonaria officinalis and in Erythroxy- 
lum the pistil in the long-styled form is about 
twice the length of that in the other form, whilst in 
the former species the pollen-grains are as 100 to 
78, and in the latter as 100 to 93 in diameter. In 
the two forms of Suteria the pistil diflfers but little 
in length, whilst the pollen - grains are as 100 to 
75 in diameter. These cases seem to prove that the 
diflference in size between the grains in the two 
forms is not determined by the length of the pistil, 
down which the tubes have to grow. That with 
plants in general there is no close relationship between 



* * SuU' Opera, la Distribuzione dei Sessi nelle Pii.nte,* &C., 1867, 
Ik 17. 
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the size of the pollen-grains and the length of the 
pistil is manifest : for instance, I found that the dis- 
tended grains of Datura arhorea were • 00243 of an 
inch in diameter, and the pistil no less than 9*25 
inches in length ; now the pistil in the small flowers 
of Folygonum fagopyrum is very short, yet the larger 
pollen-grains from the short styled plants had exactly 
the same diameter as those from the Datura, with its 
enormously elongated pistil. 

Notwithstanding these several considerations, it is 
difficult quite to give up the belief that the pollen-grains 
from the longer stamens of heterostyled plants have 
become larger in order to allow of the development of 
longer tubes ; and the foregoing opposing facts may 
possibly be reconciled in the following manner. The 
tubes are at first developed from matter contained 
within the grains, for they are sometimes exserted 
to a considerable length, before the grains have 
touched the stigma ; but botanists believe that they 
afterwards draw nourishment from the conducting 
tissue of the pistil. It is hardly possible to doubt 
that this must occur in such cases as that of the Da- 
tura, in which the tubes have to grow down the whole 
length of the pistil, and therefore to a length equal- 
ling 3,806 times the diameter of the grains (namely, 
•00243 of an inch) from which they are protruded. 
I may here remark that I have seen the pollen-grains 
of a willow, immersed in a very weak solution of honey, 
protrude their tubes, in the course of twelve hours, to 
a length thirteen times as great as the diameter of the 
grains. Now if we suppose that the tubes in some 
heterostyled species are developed wholly or almost 
wholly from matter contained within the grains, while 
in other species from matter yielded by the pistil, we 
can see that in the former case it would be necessary 
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that the grains of the two forms should differ in size 
relatively to the length of the pistil which the tubes 
have to penetrate, but that in the latter case it would 
not be necessary that the grains should thus differ. 
Whether this explanation can be considered satisfac- 
tory must remain at present doubtful. 

There is another remarkable difference between the 
forms of several heterostyled species, namely in the 
anthers of the short-styled flowers, which contain the 
larger pollen-grains, being longer than those of the 
long-styled flowers. This is the case with HoUonta 
palmtris in the ratio of 100 to 83. With Limnan- 
themum Indicum the ratio is as 100 to 70. With the 
allied Menyanthes the anthers of the short-styled form 
are a little and with Villarsia conspicuously larger 
than those of the long-styled. With Pvlmonaria 
angusiifolia they vary much in size, but from an 
average of seven measurements of each kind the ratio 
is as 100 to 91. In six genera of the Eubiaceae there 
is a similar difference, either slightly or well marked. 
Lastly, in the trimorphic Pontederia the ratio is 100 
to 88 ; the anthers from the longest stamens in the 
short-styled form being compared with those from the 
shortest stamens in the long-styled form. On the 
other hand, there is a similar and well-marked differ- 
ence in the length of the stamens in the two forms 
of Forsythia auspensa and of Linum flavvm ; but in 
these two cases the anthers of the short-styled flowers 
are shorter than those of the long-styled. The rela- 
tive size of the anthers was not particularly attended 
to in the two forms of the other heterostyled plants, 
but I believe that they are generally equal, as is 
certainly the case with those of the common primrose 
and cowslip. 

The pistil differs in length in the two forms of every 
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heterostyled plant, and although a similar difference 
is very general with the stamens, yet in the two 
forms of Linum grandijlorum and of Cordia they are 
equal. There can hardly be a doubt that the rela- 
tive length of these organs is an adaptation for the 
safe transportal by insects of the pollen from the one 
form to the other. The exceptional cases in which 
these organs do not stand exactly on a level in the two 
forms may probably be explained by the manner in 
which the jflowers are visited. With most of the 
species, if there is any difference in the size of the 
stigma in the two forms, that of the long-styled, what- 
ever its shape may be, is larger than that of the short- 
styled. But here again there are some exceptions to 
the rule, for in the short-styled form of Leucosmia 
Burnettiana the stigmas are longer and much narrower 
than those of the long-styled ; the ratio between the 
lengths of the stigmas in the two forms being 100 to 60. 
In the three Eubiaceous genera, Faramea, Houstonia 
and Oldenlandia, the stigmas of the short-styied form 
are likewise somewhat longer and narrower; and in 
the three forms of Oxalis sensitiva the difference is 
strongly marked, for if the length of the two stigmas 
of the long-styled pistil be taken as 100, it will be 
represented in the mid- and short-styled forms by 
the numbers 141 and 164. As in all these cases the 
stigmas of the short-styled pistil are seated low down 
within a more or less tubular corolla, it is probable 
that they are better fitted by being long and narrow 
for brushing the pollen off the inserted proboscis of 
an insect. 

With many heterostyled plants the stigma differs 
in roughness in the two forms, and when this is the 
case there is no known exception to the rule that the 
papillae on the stigma of the long-styled form are longer 
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Tablb 35. 



Hypencineae. 
Erythroxyleae. 



»» 



Geraniaceae. 



Oxalis. 

Lythrum. 

Nessea. 

Cinchona. 

Bouvardia. 

Manettia. 

Hedjotis. 

Oldenlandia. 

Houstonia. 

Coccocjpselura. 

Lipostoma. 

Knoxia. 

Faramea. 

Psychotria. 

Radgea. 

Suteria. 



»» 



Lythracese. 



»> 



Rubiaces. 



n 
it 
» 



Dicotyledons. 



List of Genera indvding Heterostyled Species, 

Dicotyledons. 

Cratoxylon. 
£rythrozylam. 
Setbia. 
Linom. 



Mitcbella. 

Diodia. 

Borreria. 

Spermacoce. 

Primula. 

Hottonia. 

Androsace. 

Forsytbia. 

Menyanthes. 

Limnantbemum. 

Yillarsia. 

Gilia. 

Cordia. 

Pulmonaria. 

JSgipbila. 

Polygonum. 

Thymelea. 



Rubiaoe«. 

>» 

»> 
» 
Primulace«. 

n 

»» 
Oleacese 
Gentianacese. 

»> 

>» 
Polemoniacese. 

Cordieae. 

Boraginese. 

Verbenaceae. 

Polygoneae. 

Tbymelese. 



Monocotyledons. 
Pontederia. Pontederiacese. 



In some of these families the heterostyled condition 
must have been acquired at a very remote period. 
Thus the three closely allied genera, Menyanthes, 
Limnanthemum, and Yillarsia, inhabit respectively 
Europe, India, and South America. Heterostyled 
species of Hedyotis are found in the temperate regions 
of North and the tropical regions of South America. 
Trimorphic species of Oxalis live on both sides of 
the Cordillera in South America and at the Cape of 
Good Hope. In these and some other cases it is not 
probable that each species acquired its heterostyled 
structure independently of its close allies. If they 
did not do so, the three closely connected genera of 
the MenyanthesB and the several trimorphic species of 
Oxalis must have inherited their structure from a 
t5ommon progenitor. But an immense lapse of time 
will have been necessary in all such cases for the 
modified descendants of a common progenitor to have 

12 



Chap. VI. 



ON HETEROSTYLED PLANTS. 



257 



So have plants which inhabit alpine and lowland sites, 
dry land, marshes and water.* 

When I first began to experimentise on hetero- 
styled plants it was under the impression that they 
were tending to become dioecious ; but I was soon forced 
to relinquish this notion, as the long-styled plants of 
Primula which, from possessing a longer pistil, larger 
stigma, shorter stamens with smaller pollen-grains, 
seemed to be the more feminine of the two forms, 
yielded fewer seeds than the short-styled plants which 
appeared to be in the above respects the more mascu- 
line of the two. Moreover, trimorphic plants evidently 
come under the same category with dimorphic, and 
the former cannot be looked at as tending to become 
dioecious. With In/thrum salicaria, however, we have 
the curious and unique case of the mid-styled form 
being more feminine or less masculine in nature than 
the other two forms. This is shown by the large 



♦ Out of the 38 genera known 
to include heterostyled species, 
about eight, or 21 per cent., are 
more or less aquatic in their 
habits. I was at first struck with 
this fact, for I was not then aware 
how large a proportion of or- 
dinary plants inhabit such sta^ 
tions. Heterostyled plants may 
be said in one sense to have their 
sexes separated^ as the forms must 
mutually fertilise one another. 
Therefore it seemed worth while 
to ascertain what proportion of 
the genera in the Linnean classes, 
Monoecia, Dioecia and Poly- 
gamia, contained species which 
live '* in water, marshes, bogs or 
watery places.** In Sir W. J. 
Hooker's * British Flora* (4th 
edit. 1838) these three Linnean 
olasses include 40 genera, 17 of 



which (i.e. 43 per cent.) contain 
species inhabiting the just-speci- 
fied stations. So that 43 per cent, 
of those British plants which 
have their sexes separated are 
more or less aquatic in their 
habits, whereas only 21 per cent, 
of heterostyled plants have such 
habits. I may add that the her- 
maphrodite classes, from Monan- 
dria to Gynandria inclusive, con- 
tain 447 genera, of which 113 are 
aquatic in the above sense, or only 
25 per cent. It thus appears, as 
far as can be judged from such 
imperfect data, that there is some 
connection between the separation 
of the sexes in plants and the 
watery nature of the sites which 
they inhabit ; but that this does 
not hold good with heterostyled 
specied. 



Ceap. YI. ON HETEROSTYLED PLANTS. 259 

Plants which are already well adaDted by the structure 
of their flowers for cross-fertilisation by the aid of 
insects often possess an irregular corolla, which has 
been modelled in relation to their visits ; and it would 
have been of little or no use to such plants to have 
become heterostyled. We can thus understand why 
it is that not a single species is heterostyled in such 
great families as the Leguminosae, LabiatsB, Scrophu- 
lariacesB, Orchideae, &c., all of which have irregular 
flowers. Every known heterostyled plant, however, 
depends on insects for its fertilisation, and not on the 
wind ; so that it is a rather surprising fact that only 
one genus, Pontederia, has a plainly irregular corolla. 
Why some species are adapted for cross-fertilisation, 
whilst others within the same genus are not so, or 
if they once were, have since lost such adaptation 
and in consequence are now usually seK-fertilised, I 
have endeavoured elsewhere to explain to a certain 
limited extent.* K it be further asked why some 
species have been adapted for this end by being made 
heterostyled, rather than by any of the above specified 
means, the answer probably lies in the maimer in 
which heterostylism originated, — ^a subject immedi- 
ately to be discussed. Heterostyled species, however, 
have an advantage over dichogamous species, as all 
the flowers on the same heterostyled plant belong to 
the same form, so that when fertilised legitimately by 
insects two distinct individuals are sure to intercross. 
On the other hand, with dichogamous plants, early or 
late flowers on the same individual may intercross ; 
and a cross of this kind does hardly any or no good. 
Whenever it is profitable to a species to produce a 



♦ *The Effects of Cross and {Self-fertilisation,* 1876, p. 441. 
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large number of seeds and this obviously is a rery 
common case, heterostyled will have an advantage 
over dioecious plants, as all the individuals of the 
former, whilst only half of the latter, that is the 
females, yield seeds. On the other hand, hetero- 
styled plants seem to have no advantage, as far as 
cross-fertilisation is concerned, over those which are 
sterile with their own pollen. They lie indeed under 
a slight disadvantage, for if two self-sterile plants 
grow near together and far removed from all other 
plants of the same species, they will mutually and 
perfectly fertilise one another, whilst this will not be 
the case with heterostyled dimorphic plants, unless 
they chance to belong to opposite forms. 

It may be added that species which are trimorphic 
have one slight advantage over the dimorphic ; for if 
only two individuals of a dimorphic species happen 
to grow near together in an isolated spot, the chances 
are even that both will belong to the same form, and 
in this case they will not produce the full number of 
vigorous and fertile seedlings; all these, moreover, 
will tend strongly to belong to the same form as their 
parents. On the other hand, if two plants of the same 
trimorphic species happen to grow in an isolated spot, 
the chances are two to one in favour of their not be- 
longing to the same form; and in this case they will 
legitimately fertilise one another, and yield the full 
complement of vigorous offspring. 

The Means hy which Plants may have heen rendered 

Heterostyled, 

This is a very obscure subject, on which I can throw 
little light, but which is worthy of discussion. It has 
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been shown that heterostyled plants occur in fourteen 
natural families, dispersed throughout the whole vege- 
table kingdom, and that even within the family of the 
Bubiaceae they are dispersed in eight of the tribes. We 
may therefore conclude that this structure has been 
acquired by various plants independently of inheritance 
from a common progenitor, and that it can be acquired 
without any great difficulty— that is, without any very 
unusual combination of circumstances. 

It is probable that the first step towards a species 
becoming heterostyled is great variability in the length 
of the pistil and stamens, or of the pistil alone. Such 
variations are not very rare : with Amsinckia speetahilis 
and Nolana prostrcUa these organs differ so much in 
length in different individuals that, until experiment- 
ing on them, I thought both species heterostyled. 
The stigma of Gesneria pendtUina sometimes protrudes 
far beyond, and is sometimes seated beneath the 
anthers; so it is with Oxalis acefosdla and various 
other plants. I have also noticed an extraordinary 
amount of difference in the length of the pistil in cul- 
tivated varieties of Primvla verts and vulgaris. 

As most plants are at least occasionally cross-fer- 
tilised by the aid of insects, we may assume that this 
was the case with our supposed varying plant ; but 
that it would have been beneficial to it to have been 
more regularly cross-fertilised. We should bear in 
mind how important an advantage it has been 
proved to be to many plants, though in different 
degrees and ways, to be cross-fertilised. It migh. 
well happen that our supposed species did not vary 
in function in the right manner, so as to become 
either dichogamous or completely self-sterile, or in 
gtructure so as to ensure cross-fertilisation. If it had 



262 CONCLUDING REMARKS Chap. YL 

thus varied, it would never have been rendered hetero- 
styled, as this state would then have been superfluous. 
But the parent-species of our several existing hetero- 
styled plants may have been, and probably were G^^g" 
ing from their present constitution) in some degree 
self-sterile ; and this would have made regular cross- 
fertilisation still more desirable. 

Now let us take a highly varying species with most 
or all of the anthers exserted in some individuals, and 
in others seated low down in the corolla; with the 
stigma also varying in position in like manner. Insects 
which visited such flowers would have different parts 
of their bodies dusted with pollen, and it would be a 
mere chance whether this were left on the stigma of 
the next flower which was visited. If all the anthers 
could have been placed on the same level in all the 
plants, then abundant pollen would have adhered to 
the same part of the body of the insects which fre- 
quented the flowers, and would afterwards have been 
deposited without loss on the stigma, if it likewise 
stood on the same unvarying level in all the flowers. 
But as the stamens and pistils are supposed to have 
already varied much in length and to be still varying, 
it might well happen that they could be reduced much 
more easily through natural selection into two sets of 
different lengths in different individuals, than all to 
the same length and level in all the individuals. We 
know from innumerable instances, in which the two 
sexes and the young of the same species differ, that 
there is no difliculty in two or more sets of individuals 
being formed which inherit different characters. In 
our particular case the law of compensation or balance- 
ment (which is admitted by many botanists) would 
tend to cause the pistil to be reduced in those indi- 
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viduals in which the stamens were greatly developed, 
and to be increased in length in those which had their 
stamens but little developed. 

Now if in our varying species the longer stamens 
were to be nearly equalised in length in a considerable 
body of individuals, with the pistil more or less reduced ; 
and in another body, the shorter stamens to be simi- 
larly equalised, with the pistil more or less increased in 
length, cross-fertilisation would be secured with little 
loss of pollen ; and this change would be so highly 
beneficial to the species, that there is no difficulty in be- 
lieving that it could be effected through natural selec- 
tion. Our plant would then make a close approach in 
structure to a heterostyled dimorphic species ; or to a 
trimorphic species, if the stamens were reduced to two 
lengths in the same flower in correspondence with that 
of the pistils in the other two forms. But we have not 
as yet even touched on the chief difficulty in under- 
standing how heterostyled species could have origi- 
nated. A completely self-sterile plant or a dicho- 
gamous one can fertilise and be fertilised by any 
other individual of the same species; whereas the 
essential character of a heterostyled plant is that an 
individual of one form cannot fully fertilise or be fer- 
tilised by an individual of the same form, but only 
by one belonging to another form. 

H. Muller has suggested * that ordinary or homo- 
styled plants may have been rendered heterostyled 
merely through the effects of habit. Whenever pollen 
from one set of anthers is habitually applied to a pistil 
of particular length in a varying species, he believes 
that at last the possibility of fertilisation in any other 
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acquired unless it were highly beneficial to the species ; 
and although it may be beneficial to an individual 
plant to be sterile with its own pollen, cross-fertilisa- 
tion being thus ensured, how can it be any advan- 
tage to a plant to be sterile with half its brethren, 
that is, with all the individuals belonging to the 
same form ? Moreover, if the sterility of the unions 
between plants of the same form had been a special 
acquirement, we might have expected that the long- 
styled form fertilised by the long-styled would have 
been sterile in the same degree as the short-styled 
fertilised by the short-styled ; but this is hardly ever 
the case. On the contrary, there is sometimes the 
widest difference in this respect, as between the two 
illegitimate unions of PvImo?iaria angustifolia and of 
Hottonia paltistris. 

It is a more probable view that the male and female 
organs in two sets of individuals have been by some 
means specially adapted for reciprocal action; and 
that the sterility between the individuals of the same 
set or form is an incidental and purposeless result. 
The meaning of the term " incidental " may be illus- 
trated by the greater or less difficulty in grafting or 
budding together two plants belonging to distinct 
species ; for as this capacity is quite immaterial to the 
weKare of either, it cannot have been specially ac- 
quired, and must be the incidental result of differ- 
ences in their vegetative systems. But how the 
sexual elements of heterostyled plants came to differ 
from what they were whilst the species was homo- 
styled, and how they became co-adapted in two sets of 
individuals, are very obscure points. We know that 
in the two forms of our existing heterostyled plants 
the pistil always differs, and the stamens generally 
differ in length; so does the stigma in structure, 
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the anthers in size, and the pollen-grains in diameter. 
It appears, therefore, at first sight probable that 
organs which differ in such important respects could 
act on one another only in some manner for which 
they had been specially 6kdapted. The probability of 
this view is supported by the curious rule that the 
greater the difference in length between the pistils 
and stamens of the trimorphic species of Lythrum and 
Oxalis, the products of which are united for reproduc- 
tion, by so much the greater is the infertility of the 
union. The same rule applies to the two illegitimate 
unions of some dimorphic species, namely, Primvla 
vulgaris and Pvlmonaria angustifolia ; but it entirely 
fails in other cases, as with Hottonia paJvstris and 
Linum grandiflorum. We shall, however, best perceive 
the diflBculty of understanding the nature and origin 
of the co-adaptation between the reproductive organs 
of the two forms of heterostyled plants, by consider- 
ing the case of Linum grandijlorum : the two forms of 
this plant differ exclusively, as far as we can see, in 
the length of their pistils ; in the long-styled form, 
the stamens equal the pistil in length, but their 
pollen has no more effect on it than so much in- 
organic dust ; whilst this pollen fully fertilises the 
short pistil of the other form. Now, it is scarcely 
credible that a mere difference in the length of the 
pistil can make a wide difference in its capacity for 
being fertilised. We can believe this the less because 
with some plants, for instance, Amsinckia spectabUis, 
the pistil varies greatly in length without affecting 
the fertility of the individuals which are intercrossed. 
So again I observed that the same plants of Primula 
veris and vulgaris differed to an extraordinary degree 
in the length of their pistils during successive seasons ; 
nevertheless they yielded during these seasons exactly 
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the same average number of seeds when left to fertilise 
themselves spontaneously under a net. 

We must therefore look to the appearance of inner 
or hidden constitutional differences between the indi- 
viduals of a varying species, of such a nature that the 
male element of one set is enabled to act efficiently 
only on the female element of another set. We need 
not doubt about the possibility of variations in the 
constitution of the reproductive system of a plant, for 
we know that some species vary so as to be completely 
self-sterile or completely seK-fertile, either in an appa- 
rently spontaneous manner or from slightly changed 
conditions of life. Gartner also has shown* that the in- 
dividual plants of the same species vary in their sexual 
powers in such a manner that one will imite with a 
distinct species much more readily than another. But 
what the nature of the inner constitutional differences 
may be between the sets or forms of the same varying 
species, or between distinct species, is quite unknown. 
It seems therefore probable that the species which 
have become heterostyled at first varied so that two 
or three sets of individuals were formed differing in 
the length of their pistils and stamens and in other 
co-adapted characters, and that almost simultaneously 
their reproductive powers became modified in such a 
manner that the sexual elements in one set were 
adapted to act on the sexual elements of another set ; 
and consequently that these elements in the same set 
or form incidentally became ill-adapted for mutual 
interaction, as in the case of distinct species. I have 
elsewhere shown t that the sterility of species when 



♦ Gartner, * Bastarderzeugung . Plants under Domestication/ 2nd 

im Pflanzenreich/ 1849, p. 165. edit vol. ii. p. 169 ; • The Eflfects of 

f 'Origin of Species,* 6th edit. Gross and Self-fertilisation,' p. 463. 

p. 247 ; ' Variation of Animals and It may be weU here to remark 
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Table 36. 

Nature of the Offspring from Illegitimately fertilised Dimorphic 

Plants. 



Number 
of Long- 
styled 
Qfifopring. 



Primula veria 



»» 



Primula vulgaris 



Primula auricula 



Primula Sinensis 



'Long-styled form, fertilised by] 
own-form pollen during fiyel 
successive generations, pro-{ 
duced 

{Short-styled form, fertilised byl 
own-form pollen, produced . / 

['Long-styled form, fertilised by 
own-form pollen during two I 
successive generations, pro-| 
duced 

(Short-styled form, fertilised by^ 
own-form pollen, is said to I 
produce during successive * 
generations oifspring in about 
the following proportions ., 

'Long-styled form, fertilised by 
own-form pollen during two 
successive generations, pro-{ 
duced 



w 



»» 



.* 



Long-styled form, fertilised by] 
own -form pollen (Hilde-| 
brand), produced. • 



{Short-styled form, fertilised by 
own-form pollen, produced 



n y /» • 1- rLone-styled fbrm, fertilised byl 

Pulmonana officinal.s| „»„./„^ p„i,^_ p,^„,^ \) 

t, 1 /. fLonff-styled form, fertilised byl 

Polygonum fagopyrnm| „U^^ ^^^^^ ^toiv^ \] 



{Short-styled form, fertilised by 
own-form pollen, produced 






156 



69 



25 



52 



14 



NumbT 
of Shoiv 

styled 
Offispring. 



6 



9 



75 



1 


24 


11 





45 


4 


13 


20 
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Table 87. 

Nature of the Ojfupring from Illegitimately fertilised Trimorphic 

Plants. 



(^ thrum salicaria. 



tf 



» 



» 



» 



»» 



» 



>> 



»» 



Oxalis rosea . 



Long-styled form, fertilised] 
by own-form pollen, pro-] 
duced 



IShortHstyled form, fertilised | 
by own-form pollen, pro-| 
duced J 

IShort-etyled form, fertilised] 
by pollen from mid-length f 
stamens of long - styled | 
form, produced . . . j 

{Mid-styled form, fertilised hj) 
own-form pollen, produced/ 

'Mid-styled form, fertilised by' 
pollen from shortest sta-| 
mens of long-styled form,| 
produced . • . • 

(Mid-styled form, fertilised by' 
pollen from longest sta-| 
mens of short-styled form,j 
produced .... 

i Long-styled form, fertilised^ 
during several generations! 
by own-form pollen, pro- 
duced offspring in the) 
ratio of .... 



Number 

of Long- 

•tyled 

OflspriDg. 



hedirsaroides/^^^"^^^^ ^^^' fertilised by^ 
** ' \ own-form pollen, produced/ 



56 



17 



14 



100 



Number 

ofMid- 

B^Tled 

Oflspring. 



8 



8 



17 



Kumber 
of Short- 
styled 
OfE^ring. 



8 



8 



18 
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We see in these two tables that the offspring from 
a form illegitimately fertilised with pollen from 
another plant of the same form belong, with a few 
exceptions, to the same form as their parents. For 
instance, out of 162 seedlings from long-styled plants 
of Primula veris fertilised during five generations in 
this manner, 156 were long-styled and only 6 short- 
styled. Of 69 seedlings from P. vulgaris similarly 
raised all were long-styled. So it was with 56 seedlings 
from the long-styled form of the trimorpnic Lythrum 
saJicaria, and with numerous seedlings from the long- 
styled form of Oosdlis rosea. The offspring from the 
short-styled forms of dimorphic plants, and from both 
the mid-styled and short-styled forms of trimorphic 
plants, fertilised with their own-form pollen, likewise 
tend to belong to the same form as their parents, but 
not in so marked a manner as in the case of the long- 
styled form. There are three cases in Table 37, in 
which a form of Lythrum was fertilised illegitimately 
with pollen from another form ; and in two of these 
cases all the offspring belonged to the same two forms 
as their parents, whilst in the third case they belonged 
to all three forms. 

The cases hitherto given relate to illegitimate unions, 
but Hildebrand, Fritz Muller, and myseK found that 
a very large proportion, or all of the offspring, from a 
legitimate union between any two forms of the tri- 
morphic species of Oxalis belonged to the same two 
forms. A similar rule therefore holds good with unions 
which are fully fertile, as with those of an illegiti- 
mate nature which are more or less sterile. When 
some of the seedlings from a heterostyled plant belong 
to a different form from that of its parents, Hildebrand 
accounts for the fact by reversion. For instance, the 
long-styled parent-plant of Primula veris, from which 
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been observed, as shown in the last chapter, in no less 
than six species, namely, P. veris, vulgaris, Sinensis^ 
auricula, farinosa, and datior. In the case of P. veris, 
the stamens resemble in length, position and size 
of their pollen-grains the stamens of the short-styled 
form; whilst the pistil closely resembles that 'of the 
long-styled, but as it varies much in length, one proper 
to the short-styled form appears to have been elongated 
and to have assumed at the same time the functions 
of a long-styled pistil. Consequently the flowers are 
capable of spontaneous seK-fertilisation of a legiti- 
mate nature and yield a full complement of seed, or 
even more than the number produced by ordinary 
flowers legitimately fertilised. With P. Sinensisy on 
the other hand, the stamens resemble in all respects 
the shorter ones proper to the long-styled form, whilst 
the pistil makes a near approach to that of the short- 
styled, but as it varies in length, it would appear as 
if a long-styled pistil had been reduced in length and 
modified in function. The flowers in this case as in 
the last are capable of spontaneous legitimate ferti- 
lisation, and are rather more productive than ordinary 
flowers legitimately fertilised. With P. auricula and 
farinosa the stamens resemble those of the short-styled 
form in length, but those of the long-styled in the 
size of their pollen-grains ; the pistil also resembles that 
of the long-styled, so that although the stamens and 
pistil are of nearly equal length, and consequently 
pollen is spontaneously deposited on the stigma, yet 
the flowers are not legitimately fertilised and yield 
only a very moderate supply of seed. We thus see, 
firstly, that equal-styled varieties have originated in 
various ways, and, secondly, that the combination of 
the two forms in the same flower diflers in complete* 
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animals which properly have their sexes separated; 
for the two sexes are combined in a monstrous her- 
maphrodite in a somewhat similar manner as the 
two sexual forms are combined in the same flower of 
an equal-styled variety of a heterostyled species. 

Final remarks. — The existence of plants which have 
been rendered heterostyled is a highly remarkable 
phenomenon, as the two or three forms of the same 
undoubted species differ not only in important points 
of structure, but in the nature of their reproductive 
powers. As far as structure is concerned, the two 
sexes of many animals and of some plants differ to an 
extreme degree ; and in both kingdoms the same 
species may consist of males, females, and hermaphro- 
dites. Certain hermaphrodite cirripedes are aided in 
their reproduction by a whole cluster of what I have 
called complemental males, which differ wonderfully 
from the ordinary hermaphrodite form. With ants 
we have males and females, and two or three castes of 
sterile females or workers. With Termites there are, 
as Fritz Muller has shown, both winged and wingless 
males and females, besides the workers. But in none 
of these cases is there any reason to believe that the 
several males or several females of the same species 
differ in their sexual powers, except in the atrophied 
condition of the reproductive organs in the workers of 
social insects. Many hermaphrodite animals must 
unite for reproduction, but the necessity of such 
union apparently depends solely on their structure. 
On the other hand, with heterostyled dimorphic 
species there are two females and two sets of males, 
and with trimorphic species three females and three 
sets of males, which differ essentially in their sexual 
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— ^the greater or less power of fertilising and being 
fertilised — may characterise the co-existing individuals 
of the same species, in the same manner as they 
characterise and have kept separate those fi:roups of 
individuals, produced dulg th'e lapse of agl, wU 
we rank and denominate as distinct species. 
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CHAPTER Vn. 

Polygamous, Dicecious, and Gtno-diosoious Plaittb. 

The oonversion in various ways of hermaphrodite into dioeoiona plants 
— Heteroiktyled plants rendered dioecious — ^Bubiaceso — ^Verbenaoe» 
— Polygamous and sub-dioecious plants — ^Euonymus — Fragaria — 
The two sub-forms of both sexes of Rhamnus and Epigna — ^Ilex — 
Gyno-dioecious plants— Thymus, difference in fertility of the her- 
maphrodite and female individuals — 8atureia — ^Manner in which 
the two forms probably originated — Scabiosa and other gyiio- 
dioecious plants — Difference in the size of the corolla in the forms 
of polygamous, dioecious, and gyno-dicecious plants. 

There are several groups of plants in which all the 
species are dioecious, and these exhibit no rudiments 
in the one sex of the organs proper to the other. 
About the origin of such plants nothing is known. It 
is possible that they may be descended from ancient 
lowly organised forms, which had from the first their 
sexes separated ; so that they have never existed as 
hermaphrodites. There are, however, many other 
groups of species and single ones, which from being 
allied on all sides to hermaphrodites, and from ex- 
hibiting in the female flowers plain rudiments of 
male organs, and conversely in the male flowers rudi- 
ments of female organs, we may feel sure are descended 
from plants which formerly had the two sexes com- 
bined in the same flower. It is a curious and obscure 
problem how and why such hermaphrodites have been 
rendered bisexual. 

If in some individuals of a species the stamens 
alone were to abort, females and hermaphrodites would 
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be left existing, of which many instances occur ; and 
if the female organs of the hermaphrodite were after- 
wards to abort, the result would be a dioecious plant. 
Conversely, if we imagine the female organs alone to 
abort in some individuals, males and hermaphrodites 
would be left ; and the hermaphrodites might after- 
wards be converted into females. 

In other cases, as in that of the common Ash-tree 
mentioned in the Introduction, the stamens are rudi- 
mentary in some individuals, the pistils in others, 
others again remaining as hermaphrodites. Here the 
modification of the two sets of organs appears to have 
occurred simultaneously, as far as we can judge from 
their equal state of abortion. If the hermaphrodites 
were supplanted by the individuals having separated 
sexes, and if these latter were equalised in number, a 
strictly dioecious species would be formed. 

There is much difficulty in understanding why her- 
maphrodite plants should ever have been rendered 
dioecious. There would be no such conversion, unless 
pollen was already carried regularly by insects or by the 
wind from one individual to the other ; for otherwise 
every step towards dioeciousness would lead towards 
sterility. As we must assume that cross-fertilisation 
was assured before an hermaphrodite could be changed 
into a dioecious plant, we may conclude that the con- 
version has not been effected for the sake of gaining 
the great benefits which follow from cross-fertilisa- 
tion. We can, however, see that if a species were 
subjected to unfavourable conditions from severe com- 
petition with other plants, or from any other cause, the 
production of the male and female elements and the 
maturation of the ovules by the same individual, might 
prove too great a strain on its powers, and the separa- 
tion of the sexes would then be highly beneficiaL 

13 
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Plants under cultivation or changed conditions of 
life frequently become sterile ; and the male organs 
are much oftener affected than the female, though the 
latter alone are sometimes affected. The sterility of 
the stamens is generally accompanied by a reduction 
in their size ; and we may feel sure, from a wide-spread 
analogy, that both the male and female organs would 
become rudimentary in the course of many genera- 
tions if they failed altogether to perform their proper 
functions. According to Gartner,* if the anthers on 
a plant are contabescent (and when this occurs it is 
always at a very early period of growth) the female 
organs are sometimes precociously developed. I 
mention this case as it appears to be one of com- 
pensation. So again is the well-known fact, that 
plants which increase largely by stolons or other such 
means are often utterly barren, with a large proportion 
of their pollen-grains in a worthless condition. 

Hildebrand has shown that with hermaphrodite 
plants which are strongly proterandrous, the stamens 
in the flowers which open first sometimes abort ; and 
this seems to follow from their being useless, as no 
pistils are then ready to be fertilised. Conversely 
the pistils in the flowers which open last sometimes 
abort ; as when they are ready for fertilisation all the 
pollen has been shed. He further shows by means of 
a series of gradations amongst the CompositaB,t that 
a tendency from the causes just specified to produce 
either male or female florets, sometimes spreads 
to all the florets on the same head, and sometimes 



* *Beitrage zur Kenntniss/ &c. chap, xviii. — ^2nd edit. vol. ii. 

p. 117 et seq. The whole subject pp. 146-56. 

of the sterility of plants from f •Ueber die Geschlechtsver* 

various causes has been discussed haltuisse bei den Compositon,'' 

in my * Variation of Animals 1869, p. 89. 
und Plants under Domestication/ 
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bearing long stamens exserted beyond the corolla, 
has been converted into the male ; and a long-styled 
progenitor with fully developed stigmas into the fe- 
male. 

From the number of bad pollen-grains in the small 
anthers of the short stamens of the long-styled form 
of Pvlmonaria angustifoLia^ we may suspect that this 
form is tending to become female; but it does not 
appear that the other or short-styled form is becoming 
more niasculine. Certain appearances countenance 
the belief that the reproductive system of FhHox svbur- 
lata is likewise undergoing a change of some kind. 

I have now given the few cases known to me in 
which heterostyled plants appear with some consider- 
able degree of probability to have been rendered 
dioecious. Nor ought we to expect to find many such 
cases, for the number of heterostyled species is by no 
means large, at least in Europe, where they could 
hardly have escaped notice. Therefore the number of 
dioecious species which owe their origin to the trans- 
formation of heterostyled plants is probably not so 
large as might have been anticipated from the facilities 
which they offer for such conversion. 

In searching for cases like the foregoing ones, I have 
been led to examine some dioecious or sub-dioecious 
plants, which are worth describing, chiefly as they 
show by what fine gradations hermaphrodites may 
pass into polygamous or dioecious species. 

Polygamous, Dioecious and SuMioecious Plants. 

IhumymusEu/ropasus (Celastrineae). — The spindle-tree 
is described in all the botanical works which I have 
consulted as an hermaphrodite. Asa Gray speaks of 
the flowers of the American species as perfect^ whilst 



288 DICECIOUB AND Chap. VIL 

those in the allied genus Celastrus are said to be 
" polygamo-dioecious." If a number of bushes of our 
spindle-tree be examined, about half will be found to 
have stamens equal in length to the pistil, with well- 
developed anthers; the pistil being likewise to all 
appearance well developed. The other haH have a 
perfect pistil, with the stamens short, bearing rudi- 
mentary anthers destitute of pollen; so that these 
bushes are females. All the flowers on the same plant 
present the same structure. The female corolla is 
smaller than that on the poUeniferous bushes. The 
two forms are shown#in the accompanying drawings. 

Fig. 12. 





Hermaphrodite or male. Female. 

EUONYMUS EUROP^US. 

1 did not at first doubt that this species existed 
under an hermaphrodite and female form ; but we shall 
presently see that some of the bushes which appear 
to be hermaphrodites never produce fruit, and these 
are in fact males. The species, therefore, is poly- 
gamous in the sense in which I use the term, and tri- 
oicous. The flowers are frequented by many Diptera 
and some small Hymenoptera for the sake of the 
nectar secreted by the disc, but I did not see a single 
bee at work ; nevertheless the other insects sufficed to 
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fertilise effectually female bushes growing at a dis- 
tance of even 30 yards from any poUeniferous bush. 

The small anthers borne by the short stamens of 
the female flowers are well formed and dehisce pro- 
perly, but I could never find in them a single grain 
of pollen. It is somewhat difficult to compare the 
length of the pistils in the two forms, as they vary 
somewhat in this respect and continue to grow after 
the anthers are mature. The pistils, therefore, in old 
flowers on a poUeniferous plant are often of consider- 
ably greater length than in young flowers on a female 
plant. On this account the pistils from five flowers 
from so many hermaphrodite or male bushes were 
compared with those from five female bushes, before 
the anthers had dehisced and whilst the rudimentary 
ones were of a pink colour and not at all shrivelled. 
These two sets of pistils did not differ in length, or if 
there was any difference those of the poUeniferous 
flowers were rather the longest. In one hermaphrodite 
plant, which produced during three years very few 
and poor fruit, the pistil much exceeded in length 
the stamens bearing perfect and as yet closed an- 
thers; and I never saw such a case on any female 
plant. It is a surprising fact that the pistil in the 
male and in the semi-sterile hermaphrodite flowers 
has not been reduced in length, seeing that it per- 
forms very poorly or not at all its proper function. 
The stigmas in the two forms are exactly alike ; and 
in some of the poUeniferous plants which never pro- 
duced any fruit I found that the surface of the stigma 
was viscid, so that pollen-grains adhered to it and had 
exserted their tubes. The ovules are of equal size 
in the two forms. Therefore the most acute botanist, 
judging only by structure, would never have suspected 



290 DICECIOUS AND Chap. YU. 

that 8ome of the bashes were in function exclusively 
males. 

Thirteen bushes growing near one another in a 
hedge consisted of eight females quite destitute of 
pollen and of five hermaphrodites with well-developed 
anthers. In the autumn the eight females were well 
covered with fruit, excepting one, which bore only a 
moderate nimiber. Of the five hermaphrodites, one 
bore a dozen or two fruits, and the remaining four 
bushes several dozen ; but their number was as nothing 
compared with those on the female bushes, for a single 
branch, between two and three feet in length, &om 
one of the latter, yielded mor« than any one of the 
hermai)hrodite bushes. The difierence in the amount 
of fruit produced by the two sets of bushes is all the 
more striking, as from the sketches above given it is 
obvious that the stigmas of the polleniferous flowers 
can hardly fail to receive their own pollen ; whilst the 
fertilisation of the female flowers depends on pollen 
being brought to them by flies and the smaller 
Hymenoptera, which are far from being such efficient 
carriers as bees. 

I now determined to observe more carefully during 
successive seasons some bushes growing in another 
place about a mile distant. As the female bushes 
were so highly productive, I marked only two of them 
with the letters A and B, and five polleniferous bushes 
with the letters C to G. I may premise that the 
year 1865 was highly favourable for the fruiting of all 
the bushes, especially for the polleniferous ones, some 
of which were quite barren except under such favour- 
able conditions. The season of 1864 was unfavourable. 
In 1863 the female A produced " some fruit ;" in 1864 
only 9 ; and in 1865, 97 fruit. The female B in 1863 
was " covered with fruit ;" in 1864 it bore 28 ; and in 
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1865 "innumerable very fine fruits." I may add, 
that three other female trees growing close by were 
observed, but only during 1863, and they then bore 
abundantly. With respect to the poUeniferous bushes, 
the one marked C did not bear a single fruit during 
the years 1863 and 1864, but during 1865 it produced 
no less ttan 92 fruit, which, however, were very poor. 
I selected one of the finest branches with 15 fruit, and 
these contained 20 seeds, or on an average 1*33 per 
fruit. I then took by hazard 15 fruit from an adjoin- 
ing female bush, and these contained 43 seeds ; that 
is, more than twice as many, or on an average 2 • 86 
per fruit. Many of the fruits from the female bushes 
included four seeds, and only one had a single seed ; 
whereas not one fruit from the poUeniferous bushes 
contained four seeds. Moreover when the two lots of 
seeds were compared, it was manifest that those from 
the female bushes were the larger. The second 
poUeniferous bush, D, bore in 1863 about two dozen 
fruit, — in 1864 only 3 very poor fruit, each containing 
a single seed, — and in 1865, 20 equaUy poor fruit. 
Lastly, the three poUeniferous bushes, E, F, and G, 
did not produce a single fruit during the three years 
1863, 1864, and 1865. 

We thus see that the female bushes differ somewhat 
in their degree of fertUity, and the poUeniferous ones 
in the most marked manner. We have a perfect 
gradation from the female bush, B, which in 1865 was 
covered with " innumerable fruits," — through the 
female A, which produced during the same year 97, — 
through the poUeniferous bush C, which produced 
this year 92 fruits, these, however, containing a very 
low average number of seeds of small size, — through 
the bush D, which produced only 20 poor fruit, — ^to 
the three bushes, E, E, and G, which did not this 
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reduction of the pistil in the male and hermaphrodite 
flowers of our Euonymus ; though this view does not 
account for the pistils in the poUeniferous flowers 
being sometimes longer than those in the female 
flowers. 

Fragaria vesca, Virginiana, Chiloensis, &c, (Eosaceae). 
— A tendency to the separation of the sexes in the 
cultivated strawberry seems to be much more strongly 
marked in the United States than in Europe; and 
this appears to be the result of the direct action of 
climate on the reproductive organs. In the best ac- 
count which I have seen,* it is stated that many of the 
varieties in the United States consist of three forms, 
namely, females, which produce a heavy crop of fruit, — 
of hermaphrodites, which " seldom produce other than 
a very scanty crop of inferior and imperfect berries," 
— and of males, which produce none. The most skiKul 
cultivators plant " seven rows of female plants, then 
one row of hermaphrodites, and so on throughout the 
field." The males bear large, the hermaphrodites 
mid-sized, and the females small flowers. The latter 
plants produce few runners, whilst the two other forms 
produce many; consequently, as has been observed 
both in England and in the United States, the poUeni- 
ferous forms increase rapidly and tend to supplant 
the females. We may therefore infer that much more 
vital force is expended in the production of ovules 
and fruit than in the production of pollen. Another 
species, the Hautbois strawberry {F, datior), is more 
strictly dioecious ; but Lindley made by selection an 
hermaphrodite stock.f 

Bhamnus catharticus (EhamneaB). — This plant is well 



* Mr. Leonard Wray in * Gard. information on this subjeot, 
Ghron.' 1861, p. 716. 'Variation under Domesiioation*' 

t For references and farther chnp. x. 2nd edit. yoL i. p. 875. 
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known to be dioecious. My son William foond the 
two sexes growing in about equal numbers in the Isle 
of Wight, and sent me specimens, together with obser- 
vations on them. Each sex consists of two sub-forms. 
The two forms of the male differ in their pistils: 
in some plants it is quite small, without any distinct 
stigma ; in others the pistil is much more developed, 
with the papillflB on the stigmatic surfaces moderately 
large. The ovules in both kinds of males are in an 
aborted condition. On my mentioning this case to Pro- 
fessor Caspary, he examined several male plants in 
the botanic gardens at Konigsberg, where there were 
no females, and sent me the accompanying drawings. 

Fig. 13. 





Long-styled male. Short-stjied male. 

RiiAMNUS CATUARTicus. (From Caspary.) 

In the English plants the petals are not so greatly 
reduced as represented in this drawing. My son ob- 
served that those males which had their pistils mode- 
rately well developed bore slighly larger jfiiowers, and, 
what is very remarkable, their pollen-grains exceeded 
by a little in diameter those of the males with greatly 
reduced pistils. This fact is opposed to the belief that 
the present species was once heterostyled ; for in this 
case it might have been expected that the shorter- 
styled plants would have had larger pollen-grains. 

In the female plants the stamens are in an ex- 
tremely rudimentary condition, much more so than 
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the pistils in the males. The pistil varies consi- 
derably in length in the female plants, so that they 
may be divided into two sub-forms according to the 

Fig. 14. 





Long-styled Short-styled 

female. female. 

Rhamnus cathakticus. 

length of this organ. Both the petals and sepals are 
decidedly smaller in the females than in the males ; 
and the sepals do not turn downwards, as do those of 
the male flowers when mature. All the flowers on the 
same male or same female bush, though subject to 
some variability, belong to the same sub-form ; and 
as my son never experienced any difficulty in decid- 
ing under which class a plant ought to be included, 
he believes that the two sub-forms of the same sex 
do not graduate into one another. I can form no 
satisfactory theory how the four forms of this plant 
originated. 

Bhamntis lanceolatus exists in the United States, 
as I am informed by Professor Asa Gray, under two 
hermaphrodite forms. In the one, which may be called 
the short-styled, the flowers are sub-solitary, and in- 
clude a pistil about two-thirds or only haK as long as 
that in the other form ; it has also shorter stigmas. The 
stamens are of equal length in the two forms ; but the 
anthers of the short-styled contain rather less pollen, 
as far as I could judge from a few dried flowers. My 
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son compared the pollen-grains from the two forms, 
and those from the long-styled flowers were to those 
from the short-styled, on an average from ten measure- 
ments, as 10 to 9 in diameter ; so that the two her- 
maphrodite forms of this species resemble in this 
respect the two male forms of B. catharticus. The 
long-styled form is not so common as the short-styled. 
The latter is said by Asa Gray to be the more fruitful 
of the two, as might have been expected from its 
appearing to produce less pollen, and from the grains 
being of smaller size ; it is therefore the more highly 
feminine of the two. The long-styled form produces^ 
a greater number of flowers, which are clustered to- 
gether instead of being sub-solitary ; they yield some 
fruit, but as just stated are less fruitful than the other 
form, so that this form appears to be the more mas- 
culine of the two. On the supposition that we have 
here an hermaphrodite plant becoming dioecious, there 
are two points deserving notice; firstly, the greater 
length of the pistil in the incipient male form ; and 
we have met with a nearly similar case in the male 
and hermaphrodite forms of Euonymus compared with 
the females. Secondly, the larger size of the pollen- 
grains in the more masculine flowers, which perhaps may 
be attributed to their having retained their normal size ; 
whilst those in the incipient female flowers have been 
reduced. The long-styled form of JB. lanceolatus seems 
to correspond with the males of B. catharticus which 
have a longer pistil and larger pollen-grains. Light 
will perhaps be thrown on the nature of the forms 
in this genus, as soon as the power of both kinds of 
pollen on both stigmas is ascertained. Several other 
species of Ehamnus are said to be dioecious* or sub- 
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dicBcious. On the other hand, B.frangvla is an ordi- 
nary hermaphrodite, for my son found a large number 
of bushes all bearing an equal profusion of fruit. 

Epiffsea repens (Ericaceae). — This plant appears to 
be in nearly the same state as Bhamnus cathartieus. 
It is described by Asa Gray* as existing under four 
forms. (1) With long style, perfect stigma, and short 
abortive stamens. (2) Shorter style, but with stigma 
equally perfect, short abortive stamens. These two 
female forms amounted to 20 per cent, of the speci- 
mens received from one locality in Maine; but all 
the fruiting specimens belonged to the first form. 
(3) Style long, as in No. 1, but with stigma imperfect, 
stamens perfect. (4) Style shorter than in the last, 
stigma imperfect, stamens perfect. These two latter 
forms are evidently males. Therefore, as Asa Gray 
remarks, " the flowers may be classified into two kinds, 
each with two modifications ; the two main kinds 
characterised by the nature and perfection of the 
stigma, along with more or less abortion of the 
stamens ; their modifications, by the length of the 
style." Mr. Meehan has described f the extreme 
variability of the corolla and calyx in this plant, and 
shows that it is dioecious. It is much to be wished 
that the pollen-grains in the two male forms should 
be compared, and their fertilising power tried on the 
two female forms. 

IZ^oj aquifdium (Aquifoliaceae). — In the several 
works which I have consulted, one author alone J says 
that the holly is dioecious. During several years I 
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have examined many plants, but have never found 
one that was really hermaphrodite. I mention this 
genus because the stamens in the female flowers, al- 
though quite destitute of pollen, are but slightly and 
sometimes not at all shorter than the perfect stamens 
in the male flowers. In the latter the ovary is small 
and the pistil is almost aborted. The filaments of the 
perfect stamens adhere for a greater length to the 
petals than in the female flowers. The corolla of 
the latter is rather smaller than that of the male. 
The male trees produce a greater number of flowers 
than the females. Asa Gray informs me that J. opaca, 
which represents in the United States our common 
holly, appears (judging from dried flowers) to be in a 
similar state ; and so it is, according to Vaucher, with 
several other but not with all the species of the genus. 

Oyno-dioecious Plants. 

The plants hitherto described either show a tendency 
to become dioecious, or apparently have become so 
within a recent period. But the species now to be 
considered consist of hermaphrodites and females 
without males, and rarely show any tendency to 
be dioecious, as far as can be judged from their 
present condition and from the absence of species 
having separated sexes within the same groups. 
Species belonging to the present class, which I have 
called gyno-dioecious, are found in various widely 
distinct families ; but are much more common in the 
Labiatae (as has long been noticed by botanists) than 
in any other group. Such cases have been noticed 
by myself in Thymus serpyllmn and vulffaris, Scdureia 
hortensis, Origanum vulgare, and Mentha hirsuta ; and 
by others in Nepeta glechoma, Mentha vulgaris and 



Chap. VII. 



GYNO-DI(ECIOUS PLANTS. 



299 



aqucUiea, and Prunella vulgaris. In these two latter 
species the female form, according to H. Miiller, is 
infrequent. To these must be added Dracocephalum 
Moldavicumy Melissa officinalis and dinipodium, and 
Hyssojpvs officinalis* In the two last-named plants the 
female form likewise appears to be rare, for I raised 
many seedlings of both, and all were hermaphrodites. 
It has already been remarked in the Introduction that 
andro-dioecious species, as they may be called, or those 
which consist of hermaphrodites and males, are ex- 
tremely rare, or hardly exist. 

Thymus serpyUum, — The hermaphrodite plants pre- 
sent nothing particular in the state of their reproduc- 
tive organs ; and so it is in all the following cases. The 
females of the present species produce rather fewer 
flowers and have somewhat smaller corollas than the 
hermaphrodites ; so that near Torquay, where this 
plant abounds, I could, after a little practice, distin- 
guish the two forms whilst walking quickly past them. 
According to Vaucher, the smaller size of the corolla 
is common to the females of most or all of the above- 
mentioned Labiatae. The pistil of the female, though 
somewhat variable in length, is generally shorter, 
with the margins of the stigma broader and formed 
of more lax tissue, than that of the hermaphrodite. 
The stamens in the female vary excessively in length ; 
they are generally enclosed within the tube of the 



* H. Miiller, * Die Befiruchtung 
der Blumen,' 1873 ; and * Nature,* 
1873, p. 161. Vaucher. * Plantes 
d'Europe,* torn. iii. p. 611. For 
Dracooephalum, Schimper, as 
quoted oy Braun, 'Annals and 
Mag. of Nat. Hist.' 2nd series, voL 
xviii. 1856, p. 380, Leooq, * Geo- 
graphie Bot. de TEurope,* torn. viii. 
pp. 33, 38, 44, &o. Both Vaucher 



and Leooq were mistaken in think- 
ing that several of the plants 
named in the text are dioecious. 
They appear to have assumed that 
the hermaphrodite form was a 
male ; perhaps they were de- 
ceived by the pistil not becoming 
fully developed and of proper 
length until some time after the 
anthers have dehisced. 
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maphrodites must greatly exceed in number the 
females, at least in the localities examined by me. 
A yery dry station apparently favours the presence 
of the female form. With some of the other above- 
named Labiatce the nature of the soil or climate 
likewise seems to determine the presence of one or 
both forms ; thus with Nepeta glechoma, Mr. Hart found 
in 1873 that all the plants which he examined near 
Kilkenny in Ireland were females ; whilst all near 
Bath were hermaphrodites, and near Hertford both 
forms were present, but with a preponderance of her- 
maphrodites.* It would, however, be a mistake to 
suppose that the nature of the conditions determines 
the form independently of inheritance ; for I sowed 
in the same small bed seeds of T. serpyllvm, gathered 
at Torquay from the female alone, and these produced 
an abundance of both forms. There is every reason 
to believe, from large patches consisting of the same 
form, that the same individual plant, however much 
it may spread, always retains the same form. In two 
distant gardens I found masses of the lemon-thyme 
(T. citriodorus, a var. of T. serpyUum), which I was 
informed had grown there during many years, and 
every flower was female. 

With respect to the fertility of the two forms, I 
marked at Torquay a large hermaphrodite and a large 
female plant of nearly equal sizes, and when the seeds 
were ripe I gathered all the heads. The two heaps 
were of very nearly equal bulk ; but the heads from 
the female plant numbered 160, and their seeds 
Weighed 8 * 7 grains ; whilst those from the her- 
maphrodite plant numbered 200, and their seeds 
weighed only 4*9 grains ; so that the seeds from the 
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female plant were to those from the hennaphrodite 
as 100 to 56 in weight. If the relative weight of 
the seeds from an equal number of flower-heads from 
the two forms be compared^ the ratio is as 100 for the 
female to 45 for the hermaphrodite form. 

Thymus wigaris. — The common garden thyme re- 
sembles in almost every respect T. serpyUum. The 
same slight differences between the stigmas of the 
two forms could be perceived. In the females the 
stamens are not generally quite so much reduced as 
in the same form of 31 serpyllum. In some specimens 
sent me from Mentone by Mr. Moggridge, together 
with the axjcompanying sketches, the anthers of the 




Hermaphrodite. Females. 

Thymus vulgaris (magnified). 

female, though small, were well formed, but they con- 
tained very little pollen, and not a single sound grain 
could be detected. Eighteen seedlings were raised 
from purchased seed, sown in the same small bed; 
and these consisted of seven hermaphrodites and 
eleven females. They were left freely exposed to 
the visits of bees, and no doubt every female flower 
was fertilised ; for on placing under the micro- 
scope a large number of stigmas from female plants^ 
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not one could be found to which pollen-grains of 
thyme did not adhere. The seeds were carefully 
collected from the eleven female plants, and they 
weighed 98 '7 grains; and those from the seven her- 
maphrodites 36*5 grains. This gives for an equal 
number of plants the ratio of 100 to 58 ; and we 
here see, as in the last case, how much more fertile 
the females are than the hermaphrodites. These two 
lots of seeds were sown separately in two adjoining 
beds, and the seedlings from both the hermaphro- 
dite and female parent-plants consisted of both forms. 
Satureia hortensis. — Eleven seedlings were raised in 
separate pots in a hotbed and afterwards kept in the 
green-house. They consisted of ten females and of 
a single hermaphrodite. Whether or not the condi- 
tions to which they had been subjected caused the great 
excess of females I do not know. In the females the 
pistil is rather longer than that of the hermaphrodite, 
and the stamens are mere rudiments, with minute 
colourless anthers destitute of pollen. The windows 
of the green-house were left open, and the flowers 
were incessantly visited by humble and hive bees. 
Although the ten females did not produce a single 
grain of pollen, yet they were all thoroughly well 
fertilised by the one hermaphrodite plant, and this 
is an interesting fact. It should be added that no 
other plant of this species grew in my garden. The 
seeds were collected from the finest female plant, 
and they weighed 78 grains; whilst those from the 
hermaphrodite, which was a rather larger plant than 
the female, weighed only 33 "2 grains; that is, in the 
ratio of 100 to 43. The female form, therefore, is very 
much more fertile than the hermaphrodite, as in the two 
last cases ; but the hermaphrodite was necessarily self- 
fertilised, and this probably diminished its fertility. 

14 
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complete abortion of the male organs. I shall pre- 
sently discuss the cause of the smaller size of the 
female corolla. 

Scahiosa arvensis (Dipsaceae).— It has been shown by H. Miiller 
that this species exists in Germany under an hermaphrodite and 
female form.* In my neighbourhood (Kent) the female plants 
do not nearly equal in number the hermaphrodites. The stamens 
of the females vary much in their degree of abortion ; in some 
plants they are quite short and produce no pollen ; in others 
they reach to the mouth of the corolla, but their anthers are not 
half the proper size, never dehisce, and contain but few pollen- 
grains, these being colourless and of small diameter. The her- 
maphrodite flowers are strongly proterandous, and H. Miiller 
shows that, whilst all the stigmas on the same flower-head are 
mature at nearly the same time, the stamens dehisce one after 
the other ; so that there is a great excess of pollen, which serves 
to fertilise the female plants. As the production of pollen by 
one set of plants is thus rendered superfluous, their male organs 
have become more or less completely aborted. Should it be 
hereafter proved that the female plants yield, as is probable, 
more seeds than the hermaphrodites, I should be inclined to 
extend the same view to this plant as to the LabiatsB. I have 
also observed the existence of two forms in our endemic S. 
succisa, and in the exotic S, atro-purpurea. In the latter plant, 
differently to what occurs in 8, arvensis, the female flowers, 
especially the larger circumferential ones, are smaller than those 
of the hermaphrodite form. According to Lecoq, the female 
flower-heads of 8, succisa are likewise smaller than those of 
what he calls the male plants, but which are probably her- 
maphrodites. 

Echium vulgare (BoraginesB). — The ordinary hermaphrodite 
form appears to be proterandrous, and nothing more need be said 
about it. The female differs in having a much smaller corolla 
and shorter pistil, but a well-developed stigma. The stamens 



* • Befruchtung der Blumen,' and females co-exist ; it is, how- 

&c., p. 368. The two forms occur ever, possible that he may have 

not only in Germany, but in been deceived by the flowers being 

England and France. Lecoq, so utrongly proterandrous. From 

(* (feg^aphie Bot.' 1857, tom. vi. what Lecoq says, S. succisa like- 

pp. 473, 477) says that male wise appears to occur under two 

plants as well as hermaphrodites forms in France. 
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are short ; the anthers do not contain any sonnd i)ollen-grains, 
but in their place yellow incoherent cells which do not swell 
in water. Some plants were in an intermediate condition ; that 
is, had one or two or three stamens of proper length with per- 
fect anthers, the other stamens being rudimentary. In one such 
plant half of one anther contained green perfect pollen-grains, 
and the other half yellowish-green imperfect grains. Both forms 
produced seed, but I neglected to observe whether in equal 
numbers. As I thought that the state of the anthers might be 
due to some fungoid growth, I examined them both in the bud 
and mature state, but could find no trace of myceliunu In 1862 
many female plants were found ; and in 1864, 32 plants were 
collected in two localities, exactly half of which were hermaphro- 
dites, fourteen were females, and two in an intermediate con- 
dition. In 1866, 15 plants were* collected in another locality, 
and these consisted of four hermaphrodites and eleven females. 
I may add that this season was a wet one, which shows that the 
abortion of the stamens can hardly be due to the dryness of the 
sites where the plants grew, as I at one time thought pro- 
bable. Seeds from an hermaphrodite were sown in my garden, 
and of the 23 seedlings raised, one belonged to the intermediate 
fonn, all the others being hermaphrodites, though two or three 
of them had unusually short stamens. I have consulted several 
botanical works, but have found no record of this plant varying 
in the manner here described. 

Plantago lanceolata (Plantaginese). — Delpino states that this 
plant presents in Italy three forms, which graduate from an 
anemophilous into an entomophilous condition. According to 
H. Miiller,* there are only two forms in Germany, neither of 
which show any special adaptation for insect fertilisation, and 
both appear to be hermaphrodites. But I have found in two 
localities in England female and hermaphrodite forms existing 
together ; and the same fact has been noticed by others.t The 
females are less frequent than the hermaphrodites ; their stamens 
are short, and their anthers, which are of a brighter green 
whilst young than those of the other form, dehisce properly, yet 
contain either no pollen, or a small amount of imperfect grains 
of variable size. All the flower-heads on a plant belong to 



♦ 'Die Befruchtun^/ &c., p. 342. Mr. W. Marshall writes to me to 
t Mr. C. W. Crocker in * The the same effect from Ely. 
Gardener** Chronicle/ 1864, p. 294. 
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the same form. It is well known that this species is strongly 
proterogynous, and I found that the protruding stigmas of both 
the hermaphrodite and female flowers were penetrated by pollen- 
tubes, whilst their own anthers were immature and had not 
escaped out of the bud. Flantago media does not present two 
forms; but it appears from Asa Gray's description,* that such 
is the case with four of the North American species. The co- 
rolla does not properly expand in the short-stamened form of 
these plants. 

Cnictis, Serratula, Eriophorum. — In the CompositflB, Cnicus 
palmtris and acavlis are said by Sir J. E. Smith to exist as her- 
maphrodites and females, the former being the more frequent. 
With SerratiUa tinctoria a regular gradation may be followed 
from the hermaphrodite to the female form ; in one of the latter 
plants the stamens were so tall that the anthers embraced the 
style as in the hermaphrodites, but they contained only a few 
grains of pollen, and these in an aborted condition; in an- 
other female, on the other hand, the anthers were much more 
reduced in size than is usual. Lastly, Dr. Dickie has shown 
that with Eriophorum angusti/oUum (CyperacesB) hermaphro- 
dite and female forms exist in Scotland and the Arctic regions, 
both of which yield seed, t 

It is a curious fact that in all the foregoing poly- 
gamous, dioecious, and gyno-dioecious plants in which 
any difference hets been observed in the size of the 
corolla in the two or three forms, it is rather larger in 
the females, which have their stamens more or less or 
quite rudimentary, than in the hermaphrodites or males. 
This holds good with Euonymus, Bhamims catharticus, 
Ilex, Fragaria, all or at least most of the before-named 
Labiatae, Scabiosa atro-purpurea, and JEchium vulgare. 
So it is, according to Von Mohl, with Cardamine 



♦ * Manual of the Botany of 1862, p. 53. 

the N. United States,* 2nd edit. f Sir J. E. Smith, • Trans. 

1856, p. 269. See also * American Linn. Soc.' vol. xiii. p. 599. 

Journal of ScienciB/ Nov. 1862, Dr. Dickie, * Journal Linn. Soo. 

p. 419, and *Proc American But.' vol. ix. 1865, p. 161. 
Academy of Scieuoe/ Oct. 14, 
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amara, Geranium sylvaticum, Myosotis, and Salvia. 
On the other hand, as Von Mohl remarks, when a 
plant produces hermaphrodite flowers and others 
which are males owing to the more or less complete 
abortion of the female organs, the corollas of the 
males are not at all increased in size, or only excep- 
tionally and in a slight degree, as in Acer. * It seems 
therefore probable that the decreased size of the female 
corollas in the foregoing cases is due to a tendency to 
abortion spreading from the stamens to the petals. We 
see how intimately these organs are related in double 
flowers, in which the stamens are readily converted 
into petals. Indeed some botanists believe that petals 
do not consist of leaves directly metamorphosed, but of 
metamorphosed stamens. That the lessened size of the 
corolla in the above case is in some manner an indirect 
result of the modification of the reproductive organs is 
supported by the fact that in Bhamnus catharticus not 
only the petals but the green and inconspicuous sepals 
of the female have been reduced in size ; and in the 
strawberry the flowers are largest in the males, mid- 
sized in the hermaphrodites, and smallest in the fe- 
males. These latter cases, — the variability in the size 
of the corolla in some of the above species, for instance 
in the common thyme, — together with the fact that it 
never differs greatly in size in the two forms — make 
me doubt much whether natural selection has come 
into play; — that is whether, in accordance with H. 
Miiller's belief, the advantage derived from the pol- 
leniferous flowers being visited first by insects hets 
been suJQficient to lead to a gradual reduction of the 
corolla of the female. We should bear in mind that as 
the hermaphrodite is the normal form, its corolla has 



* • 



Bot. Zeitung/ 18G3, p. 326. 
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probably retained its original size.* An objection to 
the above view should not be passed over ; namely, that 
the abortion of the stamens in the females ought to 
have added through the law of compensation to the 
size of the corolla ; and this perhaps would have oc- 
curred, had not the expenditure saved by the abor- 
tion of the stamens been directed to the female repro- 
ductive organs, so as to give to this form increased 
fertility. 

* It does not appear to me males serves to protect their pollen 

that Kemer^s view (* Die Schutz- from rain. In the genus Thymus, 

mittel des Pollens,* 1873, p. 56) for instance, the aborted anthers 

ean be accepted in tiie present of the female are much better 

cases, namely that the larger protected than the perfect ones of 

covolla in the hermaphrodites and the hermaphrodite. 
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CHAPTER VIIL 

Cleistooamio Flowebs. 

General charoitcr of cleiBtogamic flowers — List of the genera prodacing 
such flowers, and their distribution in the vegetable series — ^Viola, 
description of the cleistogamic flowers in the several species, their 
fertility compared witii that of the perfect flowers — Oxalls 
acetosella — O. sensitiva, three forms of cleistogamic flowers — ^Vau- 
dellia — Ononis — Impatiens — Drosera — MisceUaneous observations 
on various other cleistogamic plants — Anemophilous species produc- 
ing cleistogamic flowers— Leersia, perfect flowers rarely developed 
— ^Summary and concludiug remarks on the origin of cleistogamic 
flowers— The chief condusions which may be drawn from the 
observations in this volume. 

It was known even before the time of Linnaeus that 
certain plants produced two kinds of flowers, ordi- 
nary open, and minute closed ones ; and this fact 
formerly gave rise to warm controversies about the 
sexuality of plants. These closed flowers have been 
appropriately named cleistogamic by Dr. Kuhn.* 
They are remarkable from their small size and from 
never opening, so that they resemble buds ; their petals 
are rudimentary or quite aborted ; their stamens are 
often reduced in number, with the anthers of very 
small size, containing few pollen-grains, which have 
remarkably thin transparent coats, and generally emit 
their tubes whilst still enclosed within the anther- 
cells ; and, lastly, the pistil is much reduced in size, 
with the stigma in some cases hardly at all developed. 
These flowers do not secrete nectar or emit any odour ; 
from their small size, as well as from the corolla being 
rudimentary, they are singularly inconspicuous. Con-* 



♦ * Bot. Zeitung,' 1867, p. 65. 
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sequently insects do not visit them ; nor if they did, 
could they find an entrance. Such flowers are therefore 
invariably self-fertilised ; yet they produce an abund- 
ajice of seed. In several cases the young capsules 
bury themselves beneath the ground, and the seeds 
are there matured. These flowers are developed before, 
or after, or simultaneously with the perfect ones. 
Their development seems to be largely governed by 
the conditions to which the plants are exposed, for 
during certain seasons or in certain localities only 
cleistogamic or only perfect flowers are produced. 

Dr. Kuhn, in the article above referred to, gives a 
list of 44 genera including species which bear flowers 
of this kind. To this list I have added some genera, 
and the authorities are appended in a foot-note. I 
have omitted three names, from reasons likewise given 
in the foot-note. But it is by no means easy to de- 
cide in all cases whether certain flowers ought to be 
ranked as cleistogamic. For instance, Mr. Bentham 
informs me that in the South of France some of the 
flowers on the vine do not fully open and yet set 
fruit ; and I hear from two experienced gardeners that 
this is the case with the vine in our hot-houses ; but 
as the flowers do not appear to be completely closed it 
would be imprudent to consider them as cleistogamic. 
The flowers of some aquatic and marsh plants, for 
instance of Banmicultis aquatilis, Alisma natans^ 
Subularia, Illecebrum, Menyanthes, and Euryale,* 
remain closely shut as long as they are sub- 
merged, and in this condition fertilise themselves. 

♦Delpino/Suir Opera, la Distri- vol. iii. 1825, p. 157. For the 

buzione dei Sessi nolle Piante/ &c. behaviour of Menyanthes in Russia 

1867, p. 30. Subularia, however, see GUlibert in *Act. Acad. St. Pe- 

sometimes has its flowers fully tersb.,' 1777, part ii p. 45. — On 

expanded beneath the water, see Euryale, * Gardener's Ohronicle/ 

ha J. E. Smith, ' English Flora,' 1877, p. 280. 
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They behave in this manner^ apparently as a protec- 
tion to their pollen, and produce open flowers when 
exposed to the air; so that these cases seem rather 
different from those of true cleistogamic flowers, anji 
have not been included in the list. Again, the flowers 
of some plants which are produced very early or very 
late in the season do not properly expand ; and these 
might perhaps be considered as incipiently cleisto- 
gamic ; but as they do not present any of the remark- 
able peculiarities proper to the class, and as I have 
not found any full record of such cases, they are not 
entered in the list. When, however, it is believed on 
fairly good evidence that the flowers on a plant in its 
native country do not open at any hour of the day or 
night, and yet set seeds capable of germination, these 
may fairly be considered as cleistogamic, notwith- 
standing that they present no peculiarities of struc- 
ture. I will now give as complete a list of the genera 
containing cleistogamic species as I have been able 
to collect. 

Table 38. 

List of Qenera including Cleistogamic Species (chiefly after Kuhn)* 



DICOTYLEDONS. 

Eritrichium (Boragineae). 

Cuscuta (Convolvulaceae). 

Scrophularia (Scrophularineae). 

Linaria 

Vandellia 

Cryphiacanthus (Acanthacea;). 

Cranthemum 






>» 



DICOTYLEDONS. 

Dsedalacanihns (Acanthacee). 

Dipteracanthus 

iSchmanthera 

Ruellia 

Lamium (Labiatae). 

Salvia „ 

Oxybaphus (Nyc-aginea;). 






♦ I have omitted Trifolium and 
Arachis from the list, because Von 
Mohl says (' Bot. Zeitung/ 1863, 
p. 312) that the flower-stems 
merely draw the flowers beneath 
the ground, and that these do not 
appear to be properly cleistogamic. 
Correa de Mello (* Journal Linn. 
Soc. Bot.' vol. xi. 1870, p. 254) 
observed plants of Arachis in 



Brazil, and could never find such 
flowers. Plantago has been omitted 
because as far as I can discover it 
produces hermaphrodite and fe- 
male flower-heads, but not cleis- 
togamic flowers. Krascheninikowia 
(vel Stellaria) has been omitted 
because it seems very doubtful 
from Maximowicz* description 
whether the lower flowers whiok 
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Table 38 — continued 



DICOTYLEDONS. 

Nyctaginia (Nyctagineae). 

Stapelia (Asclepiadae). 

Specalaria (Campanulaceae). 

Campanula ,, 

Hottonia (Primalacese). 

Anandria (Compositae). 

Heterocarpaea (Cruciferae). 

Viola (Violaceae). 

Helianthemum (Cistineae). 

Lechea „ 

Pavonia (Malvacefie). 

Gandichaudia (Malpighiaceae). 

Aspicarpa 

Oamarea 

Janusia 

Polygala (Polygaleae). 

Impatiens (Balsaminese). 

Oxalis (Geraniaceae). 

Ononis (Legominoss^). 

Parochsetus 

Chapmannia 

Stylosanthus 



» 



» 



»> 



DlCOrriiEDONS. 

Lespedeza (Legominoss)* 

Vicia 

Lathyrns 

Martinsia vel ) 

Neurocarpum f 

Amphicarpsa 

Glycine 

Galactia 

Voandzeia 



» 
n 



n 



ft 



» 



Drosera (Droseraceae). 

HONOOOTTLEDOSB. 
Juncus (Jnnceae). 
Leersia (Gramines). 
Horde um „ 

Cryptostachys „ 
Commelina (Commelines). 
Monochoria (Pontederaceae). 
Schomburgkia (Orchideae). * 
Cattleya 
Epidendron 
Thelymitra 






i» 



nave no petals or very small ones, 
and barren stamens or none, are 
cleistogamic ; the upper herma- 
phrodite flowers are said never to 
produce fruit, and therefore pro- 
bably act as males. Moreover in 
SteUaria graminect, as Babington 
remarks British Botany/ 1851, 
p. 51) *' shorter and longer petals 
accompany an imperfection of the 
stamens or germen." 

I have added to the list the fol- 
lowing cases: Several AoanthacesB, 
for which see J. Scott in * Journal 
of Bot.' (London), new series, vol. 
i 1872, p. 161. With respect to 
Salvia see Dr. Ascherson in * Bot. 
Zeitung,* 1871, p. 655. For Oxy- 
baphus and Kyctaginia see Asa 
Gray in 'American Naturalist,' 
Nov. 1873, p. 692. From Dr. 
Torrey's account of Hottonia 
inflata (* Bull, of Torrey Botan. 
Club,' vol. ii. June 1871) it is 
manifest that this plant produces 
tnie (deistogamio flowers. For 



Pavonia see Bouchd in * Sitznngs* 
berichte. d. Gesellsch. Natur. 
Freunde,' Oct. 20, 1874, p. 90. I 
have added Thelymitra,as from the 
account given by Mr. Fitzgerald in 
his magnificent work on * Austra- 
lian Orchids ' it appears that the 
flowers of this plant in its native 
home never open, but they do not 
appear to be reduced in size. Nor 
is this the case with the flowers of 
certain species of Epidendron, 
Cattleya, &c. (see second edition 
of my * Fertilisation of Orchids,* 
p. 147), which without expanding 
produce capsules. It is therefore 
doubtful whether these Orchideie 
ought to have been included in tbe 
list. From what Duval-Jouve says 
about Cryptostachys in ' BulL 
Soo. Bot. de France/ torn. x. 1863, 
p. 195, this plant appears to pn>- 
duce cleistogamic flowers. The 
other additions to the list aro 
noticed in my text. 
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The first point that strikes us in considering this list 
of 55 genera, is that they are yery widely distributed 
in the vegetable series. They are more common in the 
family of the Leguminosae than in any other, and next 
in order in that of the Acanthacesa and Malpighiaceae. 
A large number, but not all the species, of certain 
genera, as of Oxalis and Viola, bear cleistogamic as 
well as ordinary flowers. A second point which de- 
serves notice is that a considerable proportion of the 
genera produce more or less irregular flowers ; this is 
the case with about 32 out of the 55 genera, but to this 
subject I shall recur. 

I formerly made many observations on cleistogamic 
flowers, but only a few of them are worth giving, since 
the appearance of an admirable paper by Hugo von 
Mohl,* whose examination was in some respects much 
more complete than mine. His paper includes also an 
interesting history of our knowledge on the subject. 

Viola canina. — The calyx of the cleistogamic flowers 
diflers in no respect from that of the perfect ones. The 
petals are reduced to five minute scales ; the lower one, 
which represents the lower lip, is considerably larger 
than the others, but with no trace of the spur-like 
nectary ; its margins are smooth, whilst those of the 
other four scale-like petals are papillose. D. Miiller of 
Upsala says that in the specimens which he observed 
the petals were completely aborted.! The stamens are 
very small, and only the two lower ones are provided 
with anthers, which do not cohere together as in the 
perfect flowers. The anthers are minute, with the two 
cells or loculi remarkably distinct ; they contain very 
little pollen in comparison with those of the perfect 

♦ 'Bot. Zeltung,* 1S63, p. 309- paper contains the first fuU and 
28. satisfactory account of any cloisto* 

t Ibid. 1857, p. 730. This gamic flower. 
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flowers. The connective expands into a membranous 
hood-like shield which projects above the anther-cells. 
These two lower stamens have no vestige of the curious 
appendages which secrete nectar in the perfect flowers. 
The three other stamens are destitute of anthers and 
have broader filaments, with their terminal membran- 
ous expansions flatter or not so hood-like as those of 
the two antheriferous stamens. The pollen-grains have 
remarkably" thin transparent coats; when exposed to 
the air they shrivel up quickly ; when placed in water 
they swell, and are then f ^J^ of an inch in diameter, 
and therefore of smaller size than the ordinary pollen- 
grains similarly treated, which have a diameter of 
V^(nHr ^^ ^^ inch. In the cleistogamic flowers, the 
pollen-grains, as far as I could see, never naturally fall 
out of the anther-cells, but emit their tubes through a 
pore at the upper end. I was able to trace the tubes 
from the grains some way down the stigma. The pistil 
is very short, with the style hooked, so that its ex- 
tremity, which is a little enlarged or funnel-shaped 
and represents the stigma, is directed downwards, 
being covered by the two membranous expansions of 
the antheriferous stamens. It is remarkable that there 
is an open passage from the enlarged funnel-shaped 
extremity to within the ovarium ; this was evident, as 
slight pressure caused a bubble of air, which had been 
drawn in by some accident, to travel freely from ohe 
end to the other : a similar passage was observed by 
Michalet in F. alba. The pistil therefore differs con- 
siderably from that of the perfect flower ; for in the 
latter it is much longer, and straight with the excep- 
tion of the rectangularly bent stigma ; nor is it per- 
forated by an open passage. 

The ordinary or perfect flowers have been said by 
8ome authors never to produce capsules ; but this is an 
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error^ though only a small proportion of them do so. 
This appears to depend in some cases on their anthers 
not containing even a trace of poUen, but more gene- 
rally on bees not visiting the flowers. I twice covered 
with a net a group of flowers, and marked with threads 
twelve of them which had not as yet expanded. This 
precaution is necessary, for though as a general rule 
the perfect flowers appear considerably before the 
cleistogamic ones, yet occasionally some of the latter 
are produced early in the season, and their capsules 
might readily be mistaken for those produced by the 
perfect flowers. Not one of the twelve marked perfect 
flowers yielded a capsule, whilst others under the net 
which had been artificially fertilised produced five 
capsules ; and these contained exactly the same aver- 
age number of seeds as some capsules from flowers 
outside the net which had been fertilised by bees. I 
have repeatedly seen Bowihus hortorumy lapidarivs, and 
a third species, as well as hive-bees, sucking the 
flowers of this violet : I marked six which were thus 
visited, and four of them produced fine capsules ; the 
two others were gnawed off by some animaL I 
watched BorrAm hortorwm for some time, and when- 
ever it came to a flower which did not stand in a con- 
venient position to be sucked, it bit a hole through the 
spur-like nectary. Such ill-placed flowers would not 
yield any seed or leave descendants ; and the plants 
bearing them would thus tend to be eliminated through 
natural selection. 

The seeds produced by the cleistogamic and perfect 
flowers do not differ in appearance or number. On 
two occasions I fertilised several perfect flowers with 
pollen from other individuals, and afterwards marked 
some cleistogamic flowers on the same plants ; and the 
result was that 14 capsules produced by the perfect 
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flowers contained on an average 9*85 seeds; and 17 
capsules from the cleistogamic ones contained 9*64 
seeds, — an amount of difference of no significance. It 
is remarkable how much more quickly the capsules 
from the cleistogamic flowers are developed than those 
from the perfect ones; for instance, several perfect 
flowers were cross-fertilised on April 14th, 1863, and a 
month afterwards (May 15th) eight young cleistogamic 
flowers were marked with threads ; and when the two 
sets of capsules thus produced were compared on 
June 3rd, there was scarcely any difference between 
them in size. 

Viola odorata (white-flowered, single, cultivated va- 
riety). — The petals are represented by mere scales as 
in the last species; but differently from in the last, 
all five stamens are provided with diminutive anthers. 
Small bundles of pollen-tubes were traced from the 
five anthers into the somewhat distant stigma. The 
capsules produced by these flowers bury themselves in 
the soil, if it be loose enough, and there mature them- 
selves.* Lecoq says that it is only these latter cap- 
sules which possess elastic valves ; but I think this 
must be a misprint, as such valves would obviously be 
of no use to the buried capsules, but would serve to 
scatter the seeds of the sub-aerial ones, as in the other 
species of Viola. It is remarkable that this plant, ac- 
cording to Delpino,t does not produce cleistogeonic 
flowers in one part of Liguria, whilst the perfect flowers 
are there abundantly fertile ; on the other hand, 
cleistogamic flowers are produced by it near Turin. 
Another fact is worth giving as an instance of corre- 

* Vaucher says ('Hist. Phys. des torn. v. 1856, p. 180. 
Plantes d*Euix)pe,' torn. iii. 1844, f *Sull* Op^ra, la Distribuzione 

p. 309) that V. hirta and eoUina dei Seissi nelle Fiante/ &o., 1867^ 

likewise bury their capsules. — p. 30. 
See also Leco(i, ' Geograph. Bot.' 
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lated development : I found on a purple variety, 
after it had produced its perfect double flowers, and 
whilst the white single variety was bearing its cleisto- 
gamic flowers, many bud-like bodies which from their 
position on the plant were certainly of a cleistogamic 
nature. They consisted, as could be seen on bisecting 
them, of a dense mass of minute scales closely folded 
over one another, exactly like a cabbage-head in 
miniature. I could not detect any stamens, and in the 
place of the ovarium there was a little central column. 
The doubleness of the perfect flowers had thus spread 
to the cleistogamic ones, which therefore were ren- 
dered quite sterile. 

Viola hirta. — The five stamens of the cleistogamic 
flowers are provided, as in the last case, with small 
anthers, from all of which pollen-tubes proceed to the 
stigma. The petals are not quite so much reduced 
as in V. canina, and the short pistil instead of being 
hooked is merely bent into a rectangle. Of several 
perfect flowers which I saw visited by hive- and humble- 
bees, six were marked, but they produced only two 
capsules, some of the others having been accidentally 
injured. M. Monnier was therefore mistaken in this 
case as in that of F. odorata, in supposing that the 
perfect flowers always withered away and aborted. He 
states that the peduncles of the cleistogamic flowers 
curve downwards and bury the ovaries beneath the 
soil.* I may here add that Fritz Muller, as I hear 
from his brother, has found in the highlands of South- 
em Brazil a white-flowered species of violet which 
bears subterranean cleistogamic flowers. 



* These statements are taken io the supposed sterility of the 

from Professor Oliver's excellent perfect flowers in this genus se« 

article in the * Nat. Hist. Review,' also Timbal-Lagrave in • Bo4» 

July 1862, p. 238. With respect Zeitung,' 1854, p. 772, 
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Viola nana. — Mr. Scott sent me seeds of this Indian 
species from tlie Sikkim Terai, from which I raised 
many plants, and from these other seedlings during 
several successive generations. They produced an 
abundance of cleistogamic flowers during the whole of 
each summer, but never a perfect one. When Mr. Scott 
wrote to me his plants in Calcutta were behaving simi- 
larly, though his collector saw the species in flower in 
its native site. This case is valuable as showing that 
we ought .not to infer, as has sometimes been done, 
that a species does not bear perfect flowers when grow- 
ing naturally, because it produces only cleistogamic 
flowers under culture. The calyx of these flowers is 
sometimes formed of only three sepals ; two being 
actually suppressed and not merely coherent with the 
others; this occurred with five out of thirty flowers 
which were examined for this purpose. The petals are 
represented by extremely minute scales. Of the sta- 
mens, two bear anthers which are in the same state as 
in the previous species, but, as far as I could judge, 
each of the two cells contained only from 20 to 25 de- 
licate transparent pollen-grains. These emitted their 
tubes in the usual manner. The three other stamens 
bore very minute rudimentary anthers, one of which 
was generally larger than the other two, but none of 
them contained any pollen. In one instance, however, 
a single cell of the larger rudimentary anther in- 
cluded a little pollen. The style consists of a short 
flattened tube, somewhat expanded at its upper end, 
and this forms an open channel leading into the 
ovarium, as described under V, canina. It is slightly 
bent towards the two fertile anthers. 

Viola Boxburghiana. — This species bore in my hot- 
house during two years a multitude of cleistogamic 
flowers, which resembled in all respects those of the 
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last species ; but no perfect ones were produced. Mr. 
Scott informs me that in India it bears perfect flowers 
only during the cold season, and that these are quite 
fertile. During the hot, and more especially during 
the rainy season, it bears an abundance of cleisto- 
gamic flowers. 

Many other species, besides the five now described, 
produce cleistogamic flowers ; this is the case, accord- 
ing to D. Muller, Michalet, Von Mohl, and Hermann 
Miiller, with F. datior, lancifoliay sylvatiea, podudrisy 
mirabUis, hioolory ionodium, and hiflora. But F. tricolor 
does not produce them. 

Michalet asserts that F. palustris produces near 
Paris only perfect flowers, which are quite fertile ; but 
that when the plant grows on mountains cleistogamic 
flowers are produced ; and so it is with F. hiflora. 
The same author states that he has seen in the case 
of F. alba flowers intermediate in structure between 
the perfect and cleistogamic ones. According to M. 
Boisduval, an Italian species, F. Buppii^ never bears 
in France " des fleurs bien apparentes, ce qui ne I'em- 
peche pas de fructifier." 

It is interesting to observe the gradation in the 
abortion of the parts in the cleistogamic flowers of 
the several foregoing species. It appears from the 
statements by D. Muller and Von Mohl that in F. nd- 
rabUis the calyx does not remain quite closed ; all five 
stamens are provided with anthers, and some pollen- 
grains probably fall out of the cells on the stigma, 
instead of protruding their tubes whilst still enclosed, 
as in the other species. In F. hirta all five sta- 
mens are likewise antheriferous ; the petals are not 
so much reduced and the pistil not so much modified 
as in the following species. In F. nana and eUUior 
only two of the stamens properly bear anthers, but 
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Bometimes one or even two of the others are thus pro- 
vided. Lastly, in V.canina never more than two of 
the stamens, as far as I have seen, bear anthers ; the 
petals are much more reduced than in V. hirta, and 
according to D. Mtiller are sometimes quite absent. 

Oxalis acetosella. — The existence of cleistogamic 
flowers on this plant was discovered by Michalet.* 
They have been fully described by Von Mohl, and I 
can add hardly anything to his description. In my 
specimens the anthers of the five longer stamens were 
nearly on a level with the stigmas ; whilst the smaller 
and less plainly bilobed anthers of the five shorter 
stamens stood considerably below the stigmas, so that 
their tubes had to travel some way upwards. Ac- 
cording to Michalet these latter anthers are some- 
times quite aborted. In one c£ise the tubes, which 
ended in excessively fine points, were seen by me 
stretching upwards from the lower anthers towards 
the stigmas, which they had not as yet reached. My 
plants grew in pots, and long after the perfect flowers 
had withered they produced not only cleistogamic but 
a few minute open flowers, which were in an inter- 
mediate condition between the two kinds. In one of 
these the pollen-tubes from the lower anthers had 
reached the stigmas, though the flower was open. 
The footstalks of the cleistogamic flowers are much 
shorter than those of the perfect flowers, and are so 
much bowed downwards that they tend, according to 
Von Mohl, to bury themselves in the moss and dead 
leaves on the ground. Michalet also says that they 
are often hypogean. In order to ascertain the num- 
ber of seeds produced by these flowers, I marked eight 
of them ; two failed, one cast its seed abroad, and the 
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remaining five contained on an average 10*0 seeds 
per capsule. This is rather above the average 9*2, 
which eleven capsules from perfect flowers fertilised 
with their own pollen yielded, and considerably above 
the average 7*9, from the capsules of perfect flowers 
fertilised with pollen from another plant; but this 
latter result must, I think, have been accidental. 

Hildebrand, whilst searching various Herbaria, ob- 
served that many other species of Oxalis besides 0. 
acetosella produce cleistogamic flowers;* and I hear 
from him that this is the case with the heterostyled 
trimorphic 0. incarnata from the Cape of Good Hope. 

Oxalis (Biophytum) sensitiva, — This plant is ranked 
by many botanists as a distinct genus, but as a sub- 
genus by Bentham and Hooker. Many of the early 
flowers on a mid-styled plant in my hot-house did not 
open properly, and were in an intermediate condition 
between cleistogamic and perfect. Their petals varied 
from a mere rudiment to about half their proper size ; 
nevertheless they produced capsules. I attributed 
their state to unfavourable conditions, for later in the 
season fully expanded flowers of the proper size ap- 
peared. But Mr. Thwaites afterwards sent me from 
Ceylon a number of long-styled, mid-styled, and short- 
styled flower-stalks preserved in spirits; and on the 
same stalks with the perfect flowers, some of which were 
fully expanded and others still in bud, there were 
small bud-like bodies containing mature pollen, but 
with their calyces closed. These cleistogamic flowers 
do not differ much in structure from the perfect ones 
of the corresponding form, with the exception that 
their petals are reduced to extremely minute, barely 
visible scales, which adhere firmly to the rounded 



♦ * Monatsbericht der Akad. der Wiss. zu Berlin/ 1866, p. 369k 
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bases of the shorter stamens. Their "stigmas are much 
less papillose, and smaller in about the ratio of 13 to 
20 divisions of the micrometer, as measured trans- 
versely from apex to apex, than the stigmas of the 
perfect flowers. The styles are furrowed longitudinally, 
and are clothed with simple as well as glandular hairs, 
but only in the cleistogamic flowers produced by the 
long-styled and mid-styled forms. The anthers of the 
longer stamens are a little smaller than the correspond- 
ing ones of the perfect flowers, in about the ratio of 
11 to 14. They dehisce properly, but do not appear 
to contain much pollen. Many pollen-grains were 
attached by short tubes to the stigmas ; but many 
others, still adhering to the anthers, had emitted 
their tubes to a considerable length, without having 
come in contact with the stigmas. Living plants 
ought to be examined, as the stigmas, at least of the 
long-styled form, project beyond the calyx, and if 
visited by insects (which, however, is very improbable) 
might be fertilised with pollen from a perfect flower. 
The most singular fact about the present species is 
that long-styled cleistogamic flowers are produced by 
the long-styled plants, and mid-styled as well as 
short-styled cleistogamic flowers by the other two 
forms ; so that there are three kinds of cleistogamic 
and three kinds of perfect flowers produced by this 
one species ! Most of the heterostyled species of 
Oxalis are more or less sterile, many absolutely so, if 
illegitimately fertilised with their own-form pollen. 
It is therefore probable that the pollen of the cleisto- 
gamic flowers has been modified in power, so as to act 
on their own stigmas, for they yield an abundance of 
seeds. We may perhaps account for the cleistogamic 
flowers consisting of the three forms, through the prin- 
ciple of correlated growth, by which the cleistogamio 
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flowers of the double yiolet haye been rendered 
double. 

VandeUia nummidarifdia. — Dr. Eulin has collected* 
all the notices with respect to cleistogamic flowers in 
this genus, and has described from dried specimens 
those produced by an Abyssinian species. Mr. Scott 
sent me from Calcutta seeds of the aboTC common 
Indian weed, from which many plants were success- 
ively raised during several years. The cleistogamic 
flowers are very small, being when fully mature under 
^ of an inch (1 • 27 mm.) in length. The calyx does 
not open, and within it the delicate transparent corolla 
remains closely folded over the ovarium. There are 
only two anthers instead of the normal number of four, 
and their filaments adhere to the corolla. The cells of 
the anthers diverge much at their lower ends and are 
only y^ of an inch ( • 181 mm.) in their longer diameter. 
They contain but few pollen-grains, and these emit 
their tubes whilst still within the anther. The pistil 
is very short, and is surmounted by a bilobed stigma. 
As the ovary grows the two anthers together with the 
shrivelled corolla, all attached by the dried pollen- 
tubes to the stigma, are torn off and carried upwards 
in the shape of a little cap. The perfect flowers gene- 
rally appear before the cleistogamic, but sometimes 
simultaneously with them. During one season a large 
number of plants produced no perfect flowers. It has 
been asserted that the latter never yield capsules ; but 
this is a mistake, as they do so even when insects are 
excluded. Fifteen capsules from cleistogamic flowers 
on plants growing under favourable conditions con- 
tained on an average 64*2 seeds, with a maximum of 
87; whilst 20 capsules from plants growing much 
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crowded yielded an average of only 48. Sixteen cap- 
sules from perfect flowers artificially crossed with pollen 
from another plant contained on an average 93 seeds, 
with a maximum of 137. Thirteen capsules from seK- 
fertilised perfect flowers gave an average of 62 seeds, 
with a maximum of 135. Therefore the capsules from 
the cleistogamic flowers contained fewer seeds than 
those from perfect flowers when cross-fertilised, and 
slightly more than those from perfect flowers seK- 
fertilised. 

Dr. Kuhn believes that the Abyssinian F. semjlora 
does not differ specifically from the foregoing species. 
But its cleistogamic flowers apparently include four 
anthers instead of two as above described. The plants, 
moreover, of V. sessiflora produce subterranean runners 
which yield capsules ; and I never saw a trace of such 
runners in F. nummularifolia, although many plants 
were cultivated. 

Linaria spuria. — Michalet says* that short, thin, 
twisted branches are developed from the buds in the 
axils of the lower leaves, and that these bury them- 
selves in the ground. They there produce flowers 
not offering any peculiarity in structure, excepting 
that their corollas, though properly coloured, are de- 
formed. These flowers may be ranked as cleistogamic, 
as they are developed, and not merely drawn, beneath 
the ground. 

Ononis columnas. — ^Plants were raised from seeds sent 
me from Northern Italy. The sepals of the cleisto- 
gamic flowers are elongated and closely pressed to- 
gether ; the petals are much reduced in size, colour- 
ess, and folded over the interior organs. The fila- 
ments of the ten stamens are united into a tube, and 



* * Bull. Soc. Bot. de France/ torn. vii. 1860, p. 468. 
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this is not the case, according to Von Mohl, with the 
cleistogamic flowers of other Leguminosae. Five of 
the stamens are destitute of anthers, and alternate with 
the five thus provided. The two cells of the anthers 
are minute, rounded and separated from one another 
by connective tissue; they contain but few pollen- 
grains, and these have extremely delicate coats. The 
pistil is hook-shaped, with a plainly enlarged stigma, 
which is curled down, towards the anthers ; it there- 
fore differs much from that of the perfect flower. 
During the year 1867 no perfect flowers were pro- 
duced, but in the following year there were both 
perfect and cleistogamic ones. 

Ononis mintUissima. — My plants produced both per- 
fect and cleistogamic flowers ; but I did not examine 
the latter. Some of the former were crossed with 
pollen from a distinct plant, and six capsules thus ob- 
tained yielded on an average 3 • 66 seeds, with a maxi- 
mum of 5 in one. Twelve perfect flowers were marked 
and allowed to fertilise themselves spontaneously under 
a net, and they yielded eight capsules, containing on 
an average 2*38 seeds, with a maximum of 3 in one. 
Fifty-three capsules produced by the cleistogamic 
flowers contained on an average 4*1 seeds, so that 
these were the most productive of all ; and the seeds 
themselves looked finer even than those from the 
crossed perfect flowers. According to Mr. Bentham 
0. parviflora likewise bears cleistogamic flowers ; and 
he informs me that these flowers are produced by all 
three species early in the spring ; whilst the perfect 
ones appear afterwards, and therefore in a reversed 
order compared with those of Viola and Oxalis. Some 
of the species, for instance Ononis columnse^ bear a 
fresh crop of cleistogamic flowers in the autumn. 

Laihyrus nissolia apparently offers a case of the first 
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stage in the production of cleistogamic flowers, for oa 
plants growing in a state of nature, many of the flowers 
never expand and yet produce fine pods. Some of 
the buds are so large that they seem on the point of 
expansion ; others are much smaller, but none so small 
as the true cleistogamic flowers of the foregoing 
species. As I marked these buds with thread and 
examined them daily, there could be no mistake about 
their producing fruit without having expanded. 

Several, other Leguminous genera produce cleisto- 
gamic flowers, as may be seen in the previous list ; but 
much does not appear to be known about them. Von 
Mohl says that their petals are commonly rudimentary, 
that only a few of their anthers are developed, their 
filaments are not united into a tube and their pistils 
are hook-shaped. In three of the genera, namely Vicia, 
Amphicarpsea, and Voandzeia, the cleistogamic flowers 
are produced on subterranean stems. The perfect 
flowers of Voandzeia, which is a cultivated plant, are 
said never to produce fruit ;* but we should remember 
how often fertility is affected by cultivation. 

Impatiens fulva. — Mr. A. W. Bennett has published 
an excellent description, with figures, of this plant.t 
He shows that the cleistogamic and perfect flowers 
differ in structure at a very early period of growth, so 
that the existence of the former cannot be due merely 
to the arrested development of the latter, — a conclusion 
which indeed follows from most of the previous de- 
scriptions. Mr. Bennett found on the banks of the Wey 
that the plants which bore cleistogamic flowers alone 
were to those bearing perfect flowers as 20 to 1 ; but 



* Gorrea de MeUo ('Journal African plant, which is sometimeB 

Linn. Soc. Bot* vol. xi. 1870, p. cultivated in Brazil. 
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were thrown up by some plants in my green-house 
bore only cleistogamic flowers. The petals of small 
size remained permanently closed over the repro- 
ductive organs, but their white tips could just be 
s<ien between the almost completely closed sepals. 
The pollen, which was scanty in amount, but not so 
scanty as in Viola or Oxalis, remained enclosed 
within the anthers, whence the tubes proceeded and 
penetrated the stigma. As the ovarium swelled the 
Uttle withered coroUa was carried upwards in the 
form of a cap. These cleistogamic flowers produced 
an abundance of seed. Later in the season perfect 
flowers appeared. With plants in a state of nature the 
flowers open only in the early morning, as I have been 
informed by Mr. Wallis, who particularly attended to 
the time of their flowering. In the case of JD. Anglicay 
the still folded petals on some plants in my green- 
house opened just sufficiently to leave a minute 
aperture; the anthers dehisced properly, but the 
pollen-grains adhered in a mass to them, and thence 
emitted their tubes, which penetrated the stigmas. 
These flowers, therefore, were in an intermediate con- 
dition, and could not be called either perfect or 
cleistogamic. 

A few miscellaneous observations may be added 
with respect to some other species, as throwing light 
on our subject. Mr. Scott states* that Eranthemum 
ambiffuum bears three kinds of flowers, — large, con- 
spicuous, open ones, which are quite sterile, — others 
of intermediate size, which are open and moderately 
fertile- — and lastly small closed or cleistogamic ones, 
which are perfectly fertile. Ruellia tyherosa^ likewise 
one of the Acanthaceae, produces both open and cleis« 



♦ * Journal of Botany,' London, new series, vol. i. 1872, pp. 161-4. 
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togamic flowers ; the latter yield from 18 to 24^ whilst 
the former only from 8 to 10 seeds ; these two kinds of 
flowers are produced simultaneously, whereas in several 
other members of the family the cleistogamic ones 
appear only during the hot season. According to 
Torrey and Gray, the North American species of He- 
lianthemum, when growing in poor soil, produce only 
cleistogamic flowers. The cleistogamic flowers of 
Speetdaria perfolioUa are highly remarkable, as they 
are closed by a tympanum formed by the rudi- 
mentary corolla, and without any trace of an open- 
ing. The stamens vary from 3 to 5 in number, 
as do the sepals.* The collecting hairs on the pistil, 
which play so important a part in the fertilisation 
of the perfect flowers, are here quite absent. Drs. 
Hooker and Thomson state f that some of the Indian 
species of Campanula produce two kinds of flowers ; 
the smaller ones being borne on longer peduncles 
with differently formed sepals, and producing a more 
globose ovary. The flowers are closed by a tym- 
panum like that in Specularia. Some of the plants 
produce both kinds of flowers, others only one kind ; 
both yield an abundance of seeds. Professor Oliver 
adds that he has seen flowers on Campanula eolorata 
in an intermediate condition between cleistogamic and 
perfect ones. 

The solitary almost sessile cleistogamic flowers pro- 
duced by Monochoria vaginalis are differently protected 
from those in any of the previous cases, namely, within 
" a short sack formed of the membranous spathe. 



♦ Von Mohl, *Bot. Zeitung/ of the perfect flower is mostly 

1863, pp. 314 and 323. Dr. Brom- 5-cleft. 

field (* Phytologist,' vol. iii. p. t * Journal Linn. Soc.' vol. iL 
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without any opening or fissure." There is only a 
single fertile stamen; the style is almost obsolete, 
with the three stigmatic surfaces directed to one side. 
Both the perfect and cleistogamic flowers produce 
seeds.* 

The cleistogamic flowers on some of the Mal- 
pighiaceae seem to be more profoundly modified than 
those in any of the foregoing genera. According to 
A. de Jussieuf they are differently situated from the 
perfect flowers; they contain only a single stamen, 
instead of 5 or 6 ; and it is a strange fact that this 
particular stamen is not developed in the perfect 
flowers of the same species. The style is absent or 
rudimentary ; and there are only two ovaries instead 
of three. Thus these degraded flowers, as Jussieu 
remarks, " laugh at our classifications, for the greater 
number of the characters proper to the species, to the 
genus, to the family, to the class disappear." I may 
add that their calyces are not glandular, and as, 
according to Kemer,$ the fluid secreted by such 
glands generally serves to protect the flowers from 
crawling insects, which steal the nectar T^ithout aiding 
in their cross-fertilisation, the deficiency of the glands 
in the cleistogamic flowers of these plants may perhaps 
be accounted for by their not requiring any such 
protection. 

As the Asclepiadous genus Stapelia is said to pro- 
duce cleistogamic flowers, the following case may be 
worth giving. I have never heard of the perfect flowers 
of Soya carnosa setting seeds in this country, but some 
capsules were produced in Mr. Farrer's hot-house ; 
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and the gardener detected that they were the product 
of minute bud-like bodies, three or four of which 
could sometimes be found on the same umbel with the 
perfect flowers. They were quite closed and hardly 
thicker than their peduncles. The sepals presented 
nothing particular, but internally and alternating 
with them, there were five small flattened heart-shaped 
papillae, like rudiments of petals ; but the homological 
nature of which appeared doubtful to Mr. Bentham 
and Dr. Hooker. No trace of anthers or of stamens 
could be detected ; and I knew from having examined 
many cleistogamic flowers what to look for. There 
were two ovaries, full of ovules, quite open at their 
upper ends, with their edges festooned, but with no 
trace of a proper stigma. In all these flowers one of 
the two ovaries withered and blackened long before 
the other. The one perfect capsule, 3^ inches in 
length, which was sent me, had likewise been de^ 
veloped from a single carpel. This capsule con- 
tained an abimdance of plumose seeds, many of which 
appeared quite sound, but they did not germinate 
when sown at Kew. Therefore the little bud-like 
flower which produced this capsule probably was as 
destitute of pollen as were those which I examined. 

Jtmcm hufonius and Hordeum. — ^All the species 
hitherto mentioned which produce cleistogamic 
flowers are entomophilous ; but four genera, Juncus, 
Hordeum, Cryptostachys, and Leei^ia are anemophi- 
lous. Juncus lufoniua is remarkable* by bearing in 
parts of Bussia only cleistogamic flowers, which con- 
tain three instead of the six anthers found in the 
perfect flowers. In the genus Hordeum it has been 
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shown by Delpino* that the majority of the flowers are 
cleistogamic, some of the others expanding and ap- 
parently allowing of cross-fertilisation. I hear from 
Fritz Muller that there is a grass in Southern Brazil, 
in which the sheath of the uppermost leaf, half a 
metre in length, envelopes the whole panicle; and 
this sheath never opens until the self-fertilised seeds 
are ripe. On the roadside some plants had been cut 
down, whilst the cleistogamic panicles were develop- 
ing, and these plants afterwards produced free or un- 
enclosed panicles of small size, bearing perfect flowers. 
Leersia oryzoides. — It has long been known that 
this plant produces cleistogamic flowers, but these were 
first described with care by M. Duval-Jouve.f I pro- 
cured plants from a stream near Reigate, and cultivated 
them for several years in my green-house. The cleis- 
togamic flowers are very small, and usually mature 
their seeds within the sheaths of the leaves. These 
flowers are said by Duval- Jouve to be filled by slightly 
viscid fluid ; but this was not the case with several 
that I opened ; but there was a thin film of fluid 
between the coats of the glumes, and when these were 
pressed the fluid moved about, giving a singularly 
deceptive appearance of the whole inside of the flower 
being thus filled. The stigma is very small and the 
filaments extremely short ; the anthers are less than 
T^ of an inch in length or about one-third of the 
length of those in the perfect flowers. One of the 
three anthers dehisces before the two others. Can 
this have any relation with the fact that in some other 



* ' BoUettini del Gomizio agra- on Hordeum, in 'Monatsbericht d. 

no Parmense.' Marzo e Aprile, K.Akad. BerUii,*Oct. 1872,p.760. 

1871. An abstract of this valuable f *BuU. Bot Soo. de France, 

paper is given in ' Bot. Zeitung,' torn. x. 1863, p. 191. 
1871ip.537. See also HUdebiand 
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species of Leersia only two stamens are fully de- 
veloped?* The anthers shed their pollen on the 
stigma ; at least in one instance this was clearly the 
case, and by tearing open the anthers under water 
the grains were easily detached. Towards the apex of 
the anther the grains are arranged in a single row and 
lower down in two or three rows, so that they could be 
counted ; and there were about 35 in each cell, or 70 
in the whole anther ; and this is an astonishingly small 
number for an anemophilous plant. The grains have 
very delicate coats, are spherical and about ygjj^ of 
an inch ('OlSl mm.), whilst those of the perfect flowers 
are about 775^(7 ^^ ^^ ^^^^ ('0254 mm.) in diameter. 

M. Duval- Jouve states that the panicles very rarely 
protrude from their sheaths, but that when this does 
happen the flowers expand and exhibit well-developed 
ovaries and stigmas, together with full-sized anthers 
containing apparently sound pollen ; nevertheless such 
flowers are invariably quite sterile. Schreiber had pre- 
viously observed that if a panicle is only half protruded, 
this half is sterile, whilst the still included half is 
fertile. Some plants which grew in a large tub of 
water in my green-house behaved on one occasion in a 
very different manner. They protruded twa very 
large much-branched panicles ; but the florets never 
opened, though these included fully developed stig- 
mas, and stamens supported on long filaments with 
large anthers that dehisced properly. If these florets 
had opened for a short time unperceived by me and 
had then closed again, the empty anthers would 
have been left dangling outside. Nevertheless they 
yielded on August 17th an abundance of fine ripe 
seeds. Here then we have a near approach to the 



♦ Asa Gray, * Manual of Bot of United States,' 1856, p. 540. 
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single case as yet known* of this grass producing in a 
state of nature (in Germany) perfect flowers which 
yielded a copious supply of fruit. Seeds from the cleis- 
togamic flowers were sent by me to Mr. Scott in 
Calcutta, who there cultivated the plants in various 
ways, but they never produced perfect flowers. 

In Europe Leersia oryzoides is the sole representa- 
tive of its genus, and Duval-Jouve, after examining 
several exotic species, found that it apparently is the 
sole one which bears cleistogamic flowers. It ranges 
from Persia to North America, and specimens from 
Pennsylvania resembled the European ones in their 
concealed manner of fructification. There can there- 
fore be little doubt that this plant generally propa- 
gates itseK throughout an immense area by cleisto- 
gamic seeds, and that it can hardly ever be invigorated 
by cross-fertilisation. It resembles in this respect 
those plants which are now widely spread, though they 
increase solely by asexual generation.! 

Concluding Remarks on Cleistogamic Flowers. — That 
these flowers owe their structure primarily to the 
arrested development of perfect ones, we may infer 
from such cases as that of the lower rudimentary petal 
in Viola being larger than the others, like the lower 
lip of the perfect flower, — ^from a vestige of a spur in 
the cleistogamic flowers of Impatiens, — from the ten 
stamens of Ononis being united into a tube, — and 
other such structures. The same inference may be 
drawn from the occurrence, in some instances, on the 
same plant of a series of gradations between the 
cleistogamic and perfect flowers. But that the former 
owe their origin wholly to arrested development is 

♦ Dr. Ascherson, * Bot. Zeitung,* cases in my * Yariatioi;i under 
IS64, p. 350. Domestication,' ch. xviii. — 2iid 

t I have ooUected several such edit. vol. iL p. 153. 
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by no means the case; for various parts have been 
specially modified, so as to aid in the seK-fertilisation 
of the flowers, and as a protection to the pollen ; for 
instance, the hook-shaped pistil in Viola and in some 
other genera, by which the stigma is brought close 
to the fertile anthers, — the rudimentary corolla of 
Specularia modified into a perfectly closed tympanum, 
and the sheath of Monochoria modified into a closed 
sack, — the excessively thin coats of the pollen-grains, 
— the anthers not being all equally aborted, and other 
such cases. Moreover Mr* Bennett has shown that 
the buds of the cleistogamic and perfect flowers of 
Impatiens differ at a very early period of growth. 

The degree to which many of the most important 
organs in these degraded flowers have been reduced 
or even wholly obliterated, is one of their most re- 
markable peculiarities, reminding us of many parasitic 
animals. In some cases only a single anther is left, 
and this contains but few pollen-grains of diminished 
size ; in other cases the stigma has disappeared, 
leaving a simple open passage into the ovarium. It 
is also interesting to note the complete loss of trifling 
points in the structure or functions of certain parts, 
which though of service to the perfect flowers, are of 
none to the cleistogamic ; for instance the collecting 
hairs on the pistil of Specularia, the glands on the 
calyx of the Malpighiacese, the nectar-secreting ap- 
pendages to the lower stamens of Viola, the secretion 
of nectar by other parts, the emission of a sweet odour, 
and apparently the elasticity of the valves in the 
buried capsules of Viola odorata. We here see, as 
throughout nature, that as soon as any part or 
character becomes superfluous it tends sooner or later 
to disappear. 

Another peculiarity in these flowers is that the 
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pollen-grains generally emit their tubes whilst still 
enclosed within the anthers; but this is not so re- 
markable a fact as was formerly thought, when the 
case of Asclepias was alone known.* It is, however, 
a wonderful sight to behold the tubes directing them- 
selves in a straight line to the stigma, when this 
is at some little distance from the anthers. As 
soon as they reach the stigma or the open passage 
leading into the ovarium, no doubt they penetrate it, 
guided by the same means, whatever these may be, 
as in the case of ordinary flowers. I thought that 
they might be guided by the avoidance of light : some 
pollen-grains of a willow were therefore immersed in 
an extremely weak solution of honey, and the vessel 
was placed so that the light entered only in one di- 
rection, laterally or from below or from above, but the 
long tubes were in each case protruded in every 
possible direction. 

As cleistogamic flowers are completely closed they 
are necessarily seK-fertilised, not to mention the 
absence of any attraction to insects; and they thus 
dififer widely from the great majority of ordinary 
flowers. Delpino believes f that cleistogamic flowers 
have been developed in order to ensure the production 
of seeds under climatic or other conditions which tend 



♦ The case of Asclepiaa was de- 
scribed by B. Brown. Baillon as- 
serts (^ Adansonia,' torn. ii. 1862, 
p. 58) that with many plants the 
tubes are emitted from pollen- 
grains which have not come into 
sontact with the stigma ; and that 
they may be seen advancing hori- 
zontally through the air towards 
the stigma. I have observed the 
emission of the tubes from the 



pollen-masses whilst still within 
the anthers, in three widely distinct 
Orohidean genera; namely Aceras, 
Malaxis, and Neottia : see ^ The 
Various Contrivances by which 
Orchids are Fertilised,* 2nd edit 
p. 258. 

t * SuU' Opera la Distribuzione 
dei Sessi nolle Piante,* 1867, 
p. 30. 
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to prevent the fertilisation of the perfect flowers, I do 
not doubt that this holds good to a certain limited extent, 
but the production of a large supply of seeds with little 
consumption of nutrient matter or expenditure of vital 
force is probably a far more eflScient motive power. 
The whole flower is much reduced in size ; but what 
is much more important, an extremely small quantity 
of pollen has to be formed, as none is lost through the 
action of insects or the weather ; and pollen contains 
much nitrogen and phosphorus. Von Mohl estimated 
that a single cleistogamic anther-cell of Oxalis aceto- 
sdla contained from one to two dozen pollen-grains; 
we will say 20, and if so the whole flower can have 
produced at most 400 grains ; with Impatiens the 
whole number may be estimated in the same manner 
at 250 ; with Leersia at 210 ; and with Vida nana at 
only 100. These figures are wonderfully low com- 
pared with the 243,600 pollen-grains produced by a 
flower of Leontodon, the 4,863 by an Hibiscus, or the 
3,654,000 by a PaBony.* We thus see that cleisto- 
gamic flowers produce seeds with a wonderfully small 
expenditure of pollen ; and they produce as a general 
rule quite as many seeds as the perfect flowers. 

That the production of a large number of seeds is 
necessary or beneficial to many plants needs no evi- 
dence. So of course is their preservation before they 
are ready for germination ; and it is one of the many 
remarkable peculiarities of the plants which bear 
cleistogamic flowers, that an incomparably larger pro- 
portion of them than of ordinary plants bury their 
young ovaries in the ground; — an action which it 
may be presumed serves to protect them from being 



* The authorities for these statements are given in my * Effects of 
CroBB and Self-Fertilisation,' p. 376. 
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devoured by birds or other enemies. But this advan- 
tage is accompanied by the loss of the power of wide 
dissemination. No less than eight of the genera 
in the list at the beginning of this chapter include 
species which act in this manner, namely, several 
kinds of Viola, Oxalis, Vandellia, Linaria, Commelina, 
and at least three genera of Leguminosae. The seeds 
also of Leersia, though not buried, are concealed in 
the most perfect manner within the sheaths of the 
leaves. Cleistogamic flowers possess great facilities 
for burying their young ovaries or capsules, owing to 
their small size, pointed shape, closed condition and 
the absence of a corolla ; and we can thus understand 
how it is that so many of them have acquired this 
curious habit. 

It has already been shown that in about 32 out of 
the 55 genera in the list just referred to, the perfect 
flowers are irregular ; and this implies that they have 
been specially adapted for fertilisation by insects. 
Moreover three of the genera with regular flowers are 
adapted by other means for the same end. Flowers 
thus constructed are liable during certain seasons to 
be imperfectly fertilised, namely, when the proper 
insects are scarce ; and it is difficult to avoid the 
belief that the production of cleistogamic flowers, 
which ensures under all circumstances a full supply 
of seed, has been in part determined by the perfect 
flowers being liable to fail in their fertilisation. But 
if this determining cause be a real one, it must be of 
subordinate importance, as four of the genera in the 
list are fertilised by the wind; and there seems no 
reason why their perfect flowers should fail to be 
fertilised more frequently than those in any other 
anemophilous genus* In contrast with what we here 
see with respect to the large proportion of the perfect 
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flowers being irregular, one genus alone out of the 38 
heterostyled genera described in the previous chapters 
bears such flowers ; yet all these genera are absolutely 
dependent on insects for their legitimate fertilisation. 
I know not how to account for this difference in the 
proportion of the plants bearing regular and irregular 
flowers in the two classes, unless it be that the hetero- 
styled flowers are already so well adapted for cross-fer- 
tilisation, through the position of their stamens and 
pistils and the difference in power of their two or 
three kinds of poUen, that any additional adaptation, 
namely, through the flowers being made irregular, 
has been rendered superfluous. 

Although cleistogamic flowers never fail to yield 
a large number of seeds, yet the plants bearing them 
usually produce perfect flowers, either simultaneously 
or more commonly at a different period ; and these 
are adapted for or admit of cross-fertilisation. From 
the cases given of the two Indian species of Viola, 
which produced in this country during several years 
only cleistogamic flowers, and of the numerous plants 
of Vandellia and of some plants of Ononis which 
behaved during one whole season in the same manner, 
it appears rash to infer from such cases as that of 
Salvia deiMogama not having produced perfect flowers 
during five years in Germany,* and of an Aspicarpa 
not having done so during several years in Paris, that 
these plants would not bear perfect flowers in their 
native homes. Von Mohl and several other botanists 
have repeatedly insisted that as a general rule the 
perfect flowers produced by cleistogamic plants are 
sterile ; but it has been shown under the head of the 
several species that this is not the case. The perfect 



♦ Dr. Ascherson, « Bot. Zeit.' 1871, p. 555 
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flowers of Viola are indeed sterUe unless they are 
visited by bees ; but when thus visited they yield the 
full number of seeds. As far as I have been able to 
discover there is only one absolute exception to the 
rule that the perfect flowers are fertile, namely, that 
of Voandzeia ; and in this case we should remember 
that cultivation often afifects injuriously the repro- 
ductive organs. Although the perfect flowers of 
Leersia sometimes yield seeds, yet this occurs so 
rarely, as far as hitherto observed, that it practically 
forms a second exception to the rule. 

As cleistogamic flowers are invariably fertilised, and 
as they are produced in large numbers, they yield 
altogether a much larger supply of seeds than do 
the perfect flowers on the same plant. But the latter 
flowers will occasionally be cross-fertilised, and their 
offspring will thus be invigorated, as we may infer 
from a wide-spread analogy. But of such invigoration 
I have only a small amount of direct evidence: two 
crossed seedlings of Ononis minutissima were put into 
competition with two seedlings raised from cleisto- 
gamic flowers ; they were at first all of equal height ; 
the crossed were then slightly beaten ; but on the fol- 
lowing year they showed the usual superiority of their 
class, and were to the seK-fertilised plants of cleisto- 
gamic origin as 100 to 88 in mean height. With 
Vandellia twenty crossed plants exceeded in height 
twenty plants raised from cleistogamic seeds only by 
a little, namely, in the ratio of 100 to 94. 

It is a natural inquiry how so many plants belong- 
ing to various very distinct families first came to have 
the development of their flowers arrested, so as ulti- 
mately to become cleistogamic. That a passage from 
the one state to the other is far from difficult is shown 
by the many recorded cases of gradations between the 
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two states on the same plant, in Viola, Oxalis, Biophy- 
tum, Campanula, &c. In the several species of Viola 
the various parts of the flowers have also been modified 
in very dififerent degrees. Those plants which in their 
own country produce flowers of full or nearly full size, 
but never expand (as with Thelymitra), and yet set 
fruit, might easily be rendered cleistogamic. Lathyrus 
nissolia seems to be in an incipient transitional state, 
as does Drosera Anglicay the flowers of which are not 
perfectly closed. There is good evidence that flowers 
sometimes fail to expand and are somewhat reduced 
in size, owing to exposure to unfavourable conditions, 
but still retain their fertility unimpaired. Linnaeus 
observed in 1753 that the flowers on several plants 
brought from Spain and grown at Upsala did not 
show any corolla and yet produced seeds. Asa 
Gray has seen flowers on exotic plants in the North- 
em United States which never expanded and yet 
fruited. With certain English plants, which bear 
flowers duriDg nearly the whole year, Mr. Bennett 
found that those produced during the winter season 
were fertilised in the bud ; whilst with other species 
having fixed times for flowering, but "which had 
been tempted by a mild January to put forth a few 
wretched flowers," no pollen was discharged from the 
anthers, and no seed was formed. The flowers of 
Lydmachia vulgaris if fully exposed to the sun expand 
properly, while those growing in shady ditches have 
smaller corollas which open only slightly ; and these 
two forms graduate into one another in intermediate 
stations. Herr Bouche's observations are of especial 
interest, for he shows that both temperature and the 
amount of light affect the size of the corolla ; and he 
gives measurements proving that with some plants 
the corolla is diminished by the increasing cold and 
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darkness of the changing season, whilst with others 
it is diminished by the increasing heat and light.* 

The belief that the first step towards flowers being 
rendered cleistogamic was due to the conditions to 
V^hich they were exposed, is supported by the fact 
of various plants belonging to this class either not pro- 
ducing their cleistogamic flowers under certain condi- 
tions, or, on the other hand, producing them to the 
complete exclusion of the perfect ones. Thus some 
species of Viola do not bear cleistogamic flowers when 
growing on the lowlands or in certain districts. Other 
plants when cultivated have failed to produce perfect 
flowers during several successive years ; and this is 
the case with Juncus bufonius in its native land of 
Eussia. Cleistogamic flowers are produced by some 
species late and by others early in the season ; and this 
agrees with the view that the first step towards their de- 
velopment was due to climate ; though the periods at 
which the two sorts of flowers now appear must since 
have become much more distinctly defined. We do not 
know whether too low or too high a temperature or the 
amount of light acts in a direct manner on the size of 
the corolla, or indirectly through the male organs being 
first affected. However this may be, if a plant were 
prevented either early or late in the season from fully 
expanding its corolla, with some reduction in its size, 
but with no loss of the power of seK-fertilisation, then 
natural selection might well complete the work and 



* For the statement by Linntens, 
see Mobl iu ' Bot. Zeituiig/ 1863, 
p. 527. Asa Gray, * American 
Journal of Science/ 2ud series, 
vol. xxxix. 18G5, p. i05. Bennett 
in * Nature,' Nov. 1869, p. 11. 
The Rev. G. Henslow also says 
(•Gardeners Chronicle,* 1877, p. 
271 : also * Nature,' Oct. 19, 1876, 



p. 543) ** that when the autumn 
draws on, and habitually in winter 
for such of our wild flowers as 
blossom at that season," the flowers 
aie self-fertilised. On Lysima- 
cliia, H. Muller, 'Nature,* Sept. 
1873, p. 433. Bouche, * Sitzunga- 
berieht der Gesell. Naturfoiiick 
Freunde ' Oct. 1874, p. 90. 
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respect to the plants belonging to the gyno-dioecious 
sub-class, or those which co-exist as hermaphrodites 
and females, it has been proved that they yield a 
much larger supply of seed than they would have 
done if they had all remained hermaphrodites ; and we 
may feel sure from the large number of seeds pro- 
duced by many plants that such production is often 
necessary or advantageous. It is therefore probable 
that the two forms in this sub-class have been sepa- 
rated or developed for this special end. 

Various hermaphrodite plants have become hetero- 
styled, and now exist under two or three forms ; and 
we may confidently believe that this has been eflfected 
in order that cross-fertilisation should be assured. 
Por the full and legitimate fertilisation of these plants 
pollen from the one form must be applied to the 
stigma of another. If the sexual elements belonging 
to the same form are united the union is an illegiti- 
mate one and more or less sterile. With dimorphic 
species two illegitimate unions, and with trimorphic 
species twelve are possible. There is reason to believe 
that the sterility of these unions has not been specially 
acquired, but follows as an incidental result from the 
sexual elements of the two or three forms having been 
adapted to act on one another in a particular manner, 
so that any other kind of union is ineflScient, like 
that between distinct species. Another and still more 
remarkable incidental result is that the seedlings 
from an illegitimate union are often dwarfed and 
more or less or completely barren, like hybrids from 
the union of two widely distinct species. 



( 346 ) 



INDEX. 



▲OAMTUACEJE. 



AcanthaceXt 313 

Acer campestrty 12, 308 

Adoxa, 9 

Aiijiphila data, 123 

moUis, 123 

obdurata, 124, 280 

Ak'feltl, Dr., on Linum, 100 

Alisma natans, 311 

Amphicarpxat 327 

Amsinckia apect^xbilis, 110; varia- 
bility in lengtU of stamens and 
pistil, 261, 266 

Anchusa arvensis^ 111 

AndrosOfCe vitaUiana^ 53 

Anthers, size of, in different forms, 
252 ; contabescent, 283 

^rocAts, 312 

Amebia hispidissima, 111 

Aseherson, Dr., on Salvia deido- 
gama, 313, 340 ; Juncus hufoniuSy 
332 ; Leersia oryzoides, 335 

Asclepicu, 337 

Ash, the common, 11 

Aapenda scoparia^ 285 

Axell on Primula stricta^ 50 



B. 



Bubington, Prof., on Primula elatior, 

72 ; SteUaria graminea, 313 
Baillon, emission of the tubes from 

pollen-grains, 337 
Belhomme, M., on ray-florets, 6 
Bennett, A. W., on Impaiiens fulva^ 
. 327; flowers fertilised whilst in 

the bud state, 342 
Bentham, Mr., on the differentiation 

of the sexesp 11 



OOROLLA. 

Bentham, Mr., on the cleistogamio 

flowers of Ononis, 326 
Baraginese, 101 

Boreau on cowslip and primrose, 57 
Borreria, 127 
Bouche on Pavontd, 313 ; effect of 

temperature and light on corolla, 

842 
Bouvardia leianiha, 135 
Braun on Dracocephalum, 299 
Breitenbach, W., on Primula elatior, 

34, 272 
Bromfield, Dr., on primrose and 

cowslip, 57 ; Primula daHor^ 73 ; 

Specularia perfoliaiat 330 
Brown, Bobert, on sexual changes, 

282 
Buckwheat, the common, 111 



0. 



Caltha palu8tri9j 13 
Campanula ootorata, 330 
Cardamine amara, 307 
Caspary, Prof., on Mhamnus caihar' 

eictM, 294 
CatUeya, 813 
Chamistoa, 292 
Cinchona micrantha, 134 
Gleistogamic flowers, 310; list of 

genera, 312 ; on their origin, 343 
Cnicus acaulis, 307 

pcUustris^ 307 

Coccacypsdum, 133; pollen -grains 

of, 250 
Coprosma, 285 
Cordia, 117; pistil of, 253 
Corolla, difference in size in the 

sexes of the same species, 307* 

309 



INDEX. 



347 



GOBTDALIS. 

Coryddli8t 146 

Corylus aveUanOt 10 

Ck)wslip, the common, 14 ; short- 

and long-styled, 19-22, 56-71 
Cratoxylon formosum, 123 
Crocker, C. W., on Plantago lanceo- 

lata^mQ 
Cryptostachys, 313, 332 
Cuphea purpureut 168 



D. 



Darwin, Charles, on reproductive 
organs under cultivation, 7; in- 
tercrossed plants, 30 ; prepotency 
of pollen, 62 ; insects fertilising 
flowers, 79; Cephalanthera gran- 
diflorat 98 ; Epidendron and Ckit" 
tleyttf 313; number of pollen- 
grains, 338 

— , W., on Pulmonaria angusti- 
folia, 105, 107 

Datura arboreal 251 

Delpino, plants fertilised by the 
wind, 10 ; on the walnut, 10 ; 
Folygonaceas, 114; pollen-grains, 
250 ; Thymus serpyllum^ 299 ; 
chased or cleistogamic flowers, 
311, 337 ; Viola odorcUa, 317 

Dianthus harhatus, 30 

Dickie, Dr., on Eriophorum angusti- 
foliam, 307 

Dictamnua fraxineUaf 146 

Diodia, 135 

Dioecious and sub-dicBcious plants, 
287 

Discospermum, 286 

Doubleday, H,, on Primula elaiior^ 
73 

,Dracocep1udum Maidavicumt 299 

Drosera Anglica, 329, 342 

rotundifolia, 328 

Duval-Jouve, M., on Cryptosiachys, 
313; Leersia oryzoides, 333, 334 

Dyer, Thiselton, on Salvia Hor- 
minumj 8 ; Cratoxylon formosumy 
123 

E. 

EcUum vtdgare, 111, 305, 307 
Epidendron, 313 



GBAT. 

Epigasa repens, 297 
Eranthemum ambiguum^ 329 
Eriophorum angwtifolium, 307 
Erythrozylum, 121 ; pollen-grains of, 

250 
Euottymus Europasus, 287-293 
Euphrasia officinalis, 4 
Euryale, 311 



r. 



Faramea^ 128 ; pollen-grains of, 129 
Fitzgerald, Mr., on Tlielymitra, 313 
Forsythia suspensa, 117; stamens, 
252 

viridissima, 117 

Fragaria Chiloensis, 293 

elatioTy 293 

vesca^ 293 

Virginiana, 293 

Fraxinus excelsior ^ 11 



a. 



Galium crudatum, 286 

Gartner on the sterility of unions 
between distinct species, 29 ; Pri- 
mula vulgaris and veris, 58, 59; 
hybrid Verbascums, 76, 77, 80; 
prepotency of pollen, 241 ; varia- 
tion in the sexual powers of 
plants, 267 ; contabesceut anthers, 
193, 283 

Gentianesd^ 115 

OeraniacesB, 169 

Geranium sylvatieum, 308 

Gesneria pmdulina, 261 

Gilia aggregala, 118 

coronopi/olia^ 119 

micraniha, 119 

nudicaulis, 119 

pulchdla, lis 

Gillibert on Menyanthes, 311 

Gloriosa Lily, the, 146 

Godron .on hybrid Primulas^ 55 

Gray, Prof. Asa, proposes the term 
heterogone or Jieterogonous, 2 ; on 
Linum, 101; Leueosmia Bur- 
netUana and acuminata^ 114; 
Forsythia suspenta, 117; Qilia 
puloheUa, 118; G, ooronopifolia. 



848 



INDEX. 



GTNO-DI(BCIOV8. 

119 ; PMox subtdata, 119; Mii- 
duUa repens, 125; heterortyled 
plants, 244 : Coprowma, 285 ; Ew- 
onjfVMUf 287; lUiamnus lanoeo- 
laiui, 295, 296 ; Epigma repent^ 
297: Ilex opaea, 298; Pianiago 
media, 3<)7; Oxyhaphug and NyctO' 
ginia, SIS; ImpatienMfulwt, 328; 
Leeniay 334 ; oleistogamic flowers, 
342 
Qyuo-dioeclou8 plants, 298 



Hart, Mr., on Nepeta gleehoma, 801 

Hautbois Strawberry, the, 293 

SedyotM, 133 

Uenslow, Ruv. Prof., on hybrid Prt- 
fnulast 61 

Uenslow, Rev. 6., on flowers self- 
fertilised during the winter, 343 

Herbert, Dr., on hybrid PrimuUSf 
61 

Heterostyled plants, illegitimate off- 
spring of, 188-243; essential cha- 
racter of, 244; summary of the 
differences of fertility between 
legitimately and illegitimately fer- 
tilised plants, 246; diamet^ of 
pollen-grains, 249 ; size of anthers, 
structure of stigma, 252; list of 
genera, 255; advantages derived 
from Heterostylism, 258; means 
by which plants became hetero- 
styled, 260 ; transmission of form, 
268; equal-styled varieties, 272; 
final remarks, 275 

dimorphic plants, 14-54, 81- 

136 

trimorphic plants, 137-187 

Hibiscus^ pollen-grains, 338 

Hildebrand, Prof., introduces the 
word *• heterostyled," 2 ; on the 
ray-florets of the CompontsB, 5, 6 ; 
Primula Sinensis, 38, 40-43, 192, 
217 ; Linum grandiflorum, 86, 87 ; 
L. perenne, 92; Ptdmonaria offi- 
einalis, 101-103, 107, 239; P. 
azurea, 110; Polygonum fo/gopy^ 
rum, 111; Oxalis, 169, 171-174, 
178 182, 211-213, 322; herma- 



phrodite plants becoming imi« 

sexual, 283; Hordeum, 333 
Homostyled species oi Primula, 49 
Hooker, Dr., on Campanula, 330 
Hordeum,3S2 
HoUonia inflata, 58, 813 
palustrts, 50 ; relative fertility, 

52; anthers of, 252; papill» on 

stigma, 254 
Houatonta oaerulea^ 132, 254 
Hoya camosa, 331 
Hybrid Primulas, 55-71 
Hydrangea, 6, 7 
HyperieinesB, 123 
Hyssopus ojfieinalis, 299 



Bex aquifdUum, 297 

opooo, 298 

Illegitimate offspring of heterostyled 
plants, 188; Lythrum aalioaria, 
dwarfed stature and sterility, 192 ; 
Oxalis, transmission of form to 
seedlings, 212; Primula Sinensis, 
in some degree dwarfed, 215 
equal->tyled varieties, 218-223 
Primula, vulgaris, 224 ; trans 
mission of form and colour, 225 
seedlings, 227; P. vmt, 228 
dwarfed stature and sterility, 
229-234; equal-styled varieties, 
234, 238; parallelism between 
Illegitimate fiBrtilisation and hy- 
bridism, 242 

nieabrum, 311 

Impaiiens, pollen-grains of, 338 

halsamina, 328 

ffdva, 327 

noti-me-tangeref 328 



J. 

Juglans regia, 10 
Juncus hufonius, 332, 343 
Jussieu, A. de, on Malpighiacesg, 
331 

K. 

Kemer, Prof., on ray-florets, 6 ; Aurt' 
cula, 43 ; hybrid forms of Prmula, 
55, 73; on use of haixa withio 
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KIBK. 

the corolla, 128 ; size of corolla in 
male fluwera, 809 ; use of glands 
as a protection to flowers, 331 

Kiik, Dr., on Monochoria vagifialiSj 
331 

Kitoxia^ 135 

Koch on Primua longifiora^ 50 

Krascheninikowia, 312 

Kubn, Dr., on cleistogamic flowers, 
3, 310, 311; list of plants pro- 
ducing differently formed seeds, 
9 ; heterostyled plants, 244 ; Van- 
deUia nummularifiMa, 324 ; T. 
Besstfloruy 325 

L. 

LagerstrcRmia htdlca^ 167 

par oi flora, 1G8 

reginas, 168 

Lathyrus nissolia, 326, 342 

Lecoi], H., on the coimnoa maple, 
1 2 ; cowslips and primroses, 57 ; 
Primula elafiur, 72 ; Linum Aua- 
iriafmm, 98 : Lythrum hyssopi- 
folia, 166 : h'hammis, 296 ; gyno- 
dioeciuus plants, 299 ; Scahiosa 
succisa, 305 ; Viola odoraia, 317 

Leersia oryzoi'fes, 333-335 ; poUen- 
graius of, 338 

Leggett, Mr., Pontederia cordata, 
187 

Legitimate unions, summary on the 
fertQity of the two, compared with 
that of the two illegitimate in Pri- 
mida, 46-49; fertility of, com- 
pared with illegitimate, 246 

Leighton, Rev. W. A., on the cow- 
slip and primrose, 56 ; Verbascum 
virgatumt 78 

Leontodon, pollen-grains, 338 

Leptosiphon, 119 

Leucosmia a,cuminafxit 114 

Bumettiana^ 1 14 ; stigma, 253 

Lily, the Gloriosa, 146 

Limnardhemum Indicum^ 116; pol- 
len-grains, 250 ; anthers, 252 

LtJtaria spuria, 325 

Lindley on Fragaria elatior, 293 

Linnffius on Primula verie, vulgaris^ 
and eUUior, 56 

Jdnwa angudi/oUum, 100 



MENTANTHEB. 

Linum Austria^sum, 97 

catharticum, 100 

corymbiferum, 100 

flavum, 81, 98 ; stamens, 252 

grandiflorumy 81 •, various ex- 
periments, 87-89, 96 ; pistils and 
stamens, 253, 254 ; sterile with its 
own-form pollen, 264, 266 

LetDiBii, 101 

perenne, 90; torsion of the 



styles. 95 ; long-styled form, dl ; 
stigma, 247 

— saholoides, 100 

— trigynum, 100 
usitatissimumf 100 



Lipostoma, 134 

Lysimachia vulgaris, 4, 342 

Lythrum Grsefferij 165 

hyssopifolia^ 166 

sallcaria, 116, 137; power of 

mutual fertilisation between the 
three forms, 149-157; summary 
of results, 157-165; illegitimate 
offspring from the three forms, 
191-203 ; concluding remarks on, 
203-211; mid-styled form, 241, 
257, 258, 280 ; seeds, 248 

ihymifolia, 165 



Mdlpighicuseas, 331 

Manettia bicolor, 135 

Maple, the common, 12 

Marshall, W., on Primula elatior, 
73; PlarUagolanoeolala,306 

Masters, Dr. Maxwell, on cleisto- 
gamic flowers, 3 

Maximowicz on Krascheninikowia, 
312 

Meehan, Mr., on MitcheUa, 285; 
Epigtea repens, 297 

Melissa clinipodium, 299 

officinalis^ 299 

Mello, Oorrea de, on AracMs^ 312 i 
Voandzeia, 327 

Mentha aquatica^ 299 

hirstda, 298 

vulgaris, 298 

Menyan&eSy 311 

tHfoliata, 115 
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MIGHALBT. 

Micholct on OzaUs aoetoieUa, 321 ; 
Linaria spuriaj 325 

Mitchella, 285 

repetu, 125 

Mohl, H. von, on the common 
cowslip, 14 ; size of corolla in the 
86X68 of the same Rpecies, 307, 
308 ; Tnfolium and Aradiis, 312 ; 
cleiHtogamic flowers, 314, 342; 
Oxalis aeetoseUat 321 ; ImpaUenB 
uoH-me-tangere^ 320; Speoularia 
jperfoliatcL, 330 

Mcllm Upidota, 168 

specioaa, 168 

Monnier, M., on Viola, 318 

Monochoria vaginalUf 330 

Mulberry, the, 10 

Miiller, D., on Vicla canincL, 314 

Miiller, Fritz, on pollen of the FiZ- 
/ar«ta. 116; Faramea, 128-130; 
Posoqueriafragrans^ 131 ; Nesaea, 
167 ; Oxalis, 180, 181 ; PmtedeHa, 
183-185; Oralis BegneUi, 212; 
Chamisgoay 292 

Miiller, H., on the frequency of 
Tisits by insects to the UmbdH- 
ferx and Compositse, 5 ; on dicho- 
gamy, 10 ; on Anihophora and 
Bomhylius sucking the cowslip, 
22 ; Primula elatior, 32 ; P. viUosa, 
49; Hottonia palustriSf 51 ; table 
of relative fertility of, 52, 53; 
Linum catJiariicum, 100; Paly- 
gonum fagopyrum, 113; Lythrum 
ealicaria^ 145; on the origin of 
heterostylism, 263 ; on the Xo- 
52ate.299,304; Thymus serpyllum, 
300 ; Scahiosa arvensis^ 305 ; Plan- 
tago lanceolata, 306; size of co- 
rolla in the two sexes of the same 
species, 308; Impatiens halsa- 
mina, 328 ; Lysimachia, 343 

MyosotiSy 308 



N. 



Nepeta glechomay 301 
Nertera, 285 
Nesasa verticiUata, 167 
Nolana prostrata, variability in 
length of stamens and pistil, 261 
Nyctaginia, 313 
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Oldenlandia, 132 

Oleacex, 117 

Oliver, Profl, on ovules of Primula 
verts, 17 Fib^, 318; Campanula 
cdorata, 330 

Ononis ecHumna, 325 

minutissima, 326, 341 

parviflora, 326 

Origanum vtdgare, 298 

Oxalis acetoseOa, 181, 182 ; pistil of, 
2(jl; cleistogamic flowers, 321; 
pollen-grains, 338 

Boujii, 179 

eompressa, 179 

comieuUUa, 181 

Deppei, 179 

hedysaroides, 213 

homostyled species, 181 

incamata, 322 

Peqnelli. 173-175, 212 

rosea, 178, 213 

(Biophytum) sensitiva, 181, 

322 ; stigma, 253 

spedosa, 169, 175, 212 

strida, 181, 182 

tropasoloides, 182 

Vaidiviana, 170-172, 211, 212 

Oxlip, the Bardwell, 32, 72 

, the common, 55; differences 

in structure and function between 
the two parent-species, 56 ; effects 
of crossing, 60 ; a hybrid between 
the cowshp and primrose, 70 

OxyhaphuSf 313 



P. 



Pasony, pollen-grains of, 338 
Parallelism between illegitimate and 

hybrid fertUisation, 239 
Pavonia, 313 
PMox Hentzii, 120 
— nivalis, 120 

sulnUata, 119, 287 

Planchon on Idnum salsobides, 100; 

L, Lewisiiy 101 ; on Hugonia^ 100 
Plantago lanceolaia^ 306 

media, 307 

Polemoniacex, 118 
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POLLEK-KJRAINS. 

Pollen-graiDS, relative diameter o^ 
249 

Polyanthus, 18 

Folygonctceas, 111 

Polygonum bistorta^ 114 

fagopyrum. 111, 239; pollen- 
grains, 251 

Pontederia^ 183 ; pollen-grains, 186 ; 
size of anthers, 252 

cordala, 187 

Poaoqueria fragranSt 131 

Primrose, tne conmion, 34, 57-71 

PrimuLoj the, heterostyled species of, 
14 ; sunmiary on, 45-49 ; homo- 
styled species, 49 

auricula^ 30, 43, 48, 74, 223 

• equal-styled varieties, 273 

cortusoideSj 44 

elata, 49 

elatior, Jacq., 32 ; relative fer- 
tility of the two forms, S3, 47 ; 
not a hybrid, 72, 73 ; equal-styled 
var. of, 224, 273 

farinoMf 45 ; equal-styled var., 

224, 273 

— hirsuta, 74 
involucrata, 45 

— longiflora, 50 
— - mollis, 49, 50 

Scotica, 49, 50 

Sibirica, 49 

SihMmensiSy 44, 47 

Sinensis, 22, 30, 38 ; relative 

fortuity, 39-43, 47. 49; long- 
styled, 213; short-styled, 215; 
transmission of form, constitution 
and fertility, 216; equal-styled 
variety, 218-223, 273, 274 

stricta, 50 

veris, 14; difference in struc- 



ture between the two forms, 15 ; 
degrees of fertility when legiti- 
mately or illegitimately united, 
25-32 ; fertility possessed by ille- 
gitimate plants, 228-234 ; equal- 
styled red variety, 234-238 ; long- 
styled, 241 ; length of pIstiL 261, 
266 

— vertieiUata, 49, 50 
-. — viUosaj 49 

-— vulgaris (var, acavlis Linn.), 
34 ; polleu-gmins, 35 ; relative fer- 

16 



SETHIA* 

tility of the two fonns, 37 ; lesDgth 

ofpiBtil,266 
Primula fniiaaris,Y9T, rubra, 224-228 
PruneOa migaris, 299 
Psychotria, 135 
PtUmonaria angustifoiUa, 104, 239; 

anthers, 252, 287 

azureOf 110 

oficinalis, 101, 288 ; number of 

flowers, 248 ; pistil, 250 



Banunculus aquaiilis, 311 
Bay-florets, their use, 5, 6 
Bhamnus oathartieus, 294, 307 ; size 

of corolla, 308 

frangula, 297 

lanceolatusj 295 

Bhinanihus cristcb^gaUi, 4 
Bubiacex, 125, 131-186; size of 

anthers, 252 ; stigmas, 253 ; 

number of heterostyled genera, 

284, 285 
Budgea erianihci, 135 
Bue, the common, 9 
BueUia tuberosa, 329 



8. 

Salvia, 308 

— deistogama, 340 

Horminum, 8 

Salureia hortensis, 303, 304 
Scabiosa arvensis, 305 
atro-purpurea, 305, 307 

— aticcMa, 305 

Scottf J., on Primula aurictda, 30, 
43, 223; P. vtOgans, 34; (var. 
rubra\ 224 ; P. Sihkimensis, 44 ; 
P. farinosa, 45, 224 ; homostyled 
Pnmulx, 49, 50 ; hybrids, 74, 75 ; 
length of pistil, 272; HotUmia 
palustris, 51; AndrosOiCe vital" 
liana, 53; Polyanihus, 58; Mii» 
cheUa repens, 127; AeanthaeesB^ 
313; Eranthemumambiguum bear- 
ing three kinds of flowers, 329 

Scrophularia aquatiea, 147 

Serratula tinctoria, 280. 307 

Sethia UfMminata, 122 
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SETHI A. 

Bethia obiMsffolia, 122 

Smith, 8ir J. £., on the carrot, 8 ; 
hybrid Verba9cum», 76, 78; Ser- 
ratula tiwrtoria, 280; Cnicu»t 
807; iSubular/a, 811 

ScHdanelia alpina, 5^ 

Specvlaria perfoliate^ 330 

8ponoe, Mr., on MdUia^ 168 

Qpermatoo^ 135 

8prengel on HoUonia pahutris, 51 

AeUaria graminea^ 313 

Strawberry, the Haatbois, 203 

Subularia, 311 

6uteria,lU 



T. 



Thdftmitra, 813 

Thomson, Dr., on Campanula^ 330 
Thrum-eyed, origin of term, 14 
Thwaites, Mr., on ovules of Lin^ 

narUhemum Indicum^ 116 ; Sethia 

acuminaia, 122; Ditcospennum, 

286 
Thymdia, IH 
Thymus citriodonis, 301 

terpyllum, 299, 301, 302, 304 

vtUgaris, 302 

Timbal-Lagrave, M., on hybrids in 

gonus Cuius, 76 
Torrey, Dr., on Hottoma inflaiaj 

53,318 
Transmission of the two forms of 

heterostyled plants, 268-270 
Treviranus on Androsace vitaU 

liana, 58; Linum, 81 



V. 



VandeDia numrmdari/olia, 324 

— sessifiora^ 325 

Vaucher on tlie carrot, 8; Solda- 
neUa alpina, 54; Lythrum salt' 
eariaj 138, 144; L, thymifolia, 
165; Bex aquifoUum, 297; on 



LabiaU, 299; Viola hifta and 

eoUino, 317 
Verixueunkf wild hybrids of, 75-80 

lyehnUis, 30, 76-78 

'—^ pkcenieeum, 78 

thapius, 76-79 

virgatum^ 78 

FtbunitHii, 6, 7 

Fieio, 327 

FiBarsia, 116; anthers, 252 

Viola alba, 315, 320 

hieolor, 320 

5f)fofa,320 

eanina, 314, 321 

<»Ctiia,317 

ehtioTf 320 

Wrea, 318, 820 

ionodium, 320 

lanciMia, 820 

mtVa&aw, 320 

fkina, 319, 320 ; pollen-iprains 

of, 338 

odorata, 817, 336 

palustris, 320 

MoxburghiafM, 319 

Buppii, 320 

sylvatica^ 320 

tricolor, 4, 320 

Foandzeia, 327 



Walnut, the, 10 

Watson, H. C, on cowslips, prim- 
roses, and oxlips, 57, 60, 68; 
Primtda daiior, 72, 73 

Weddell, Dr., on hybrids between 
Aceras and OrchiSy 76 

Wetterhan, Mr., on Corylus, 10 

Wichura, Max, on hybrid willows, 
76 ; sterUe hybrids, 240 

Wirtgen on jAfthrum saHcaria^ 138, 
144, 148 

Wooler, W., on PdyanOvas, 18 

Wray, Leonard, on FragariOt 293 
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